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PREFACE 


‘Tne peesent book ls uRioutsly baset oo 4 course of 
lecrarea delivered to the thind year students of science 
atthe University of Beietal in the session 1980-21. It 
in an adonirable custom, which, be many other benefit, 
that University awes to my distinguished predecessor, 
Professor Lloyd Morgas, that all students of science 
are expected to attend such 1 course before completing 
theie career. It seemed worth while to elaborate the 
Fectures, to remove theic more obvious blemusbes, and 
to present them to wider public. 

In the First Part I have started with the highly 
ophiticated concepts of the classical mathematical 
Physics, have tied to expres them clearly, 
have thes discussed the modifications which recent 
advances in scientific knowledge have necessitsted in 
these concepts. { have cared this nccount to the 
tend of the Second Theocy of Relativity. I have aot 
penetcated iota the ait more revolutionary speculations 
of Weyl, because 1 do not feel that I yet understand 
them well eaough myzelf so venture to explain them 
ta others. A philosopher who regarts ignocaace of a 
scientife theary a8 4 suficient reason for not writing 
bout icansot be accused of complete lack of arigin- 
Ality, a9 a stuty of receat philosopbical Tterature will 
amply prave. 

T begin with an Jetradactian, which slates what 1 
think Philosophy to be about, and bow 1 think it to 











4 SCIENTIFIC THOUGHT 
‘be conaccted with the sperial scimscos { then try 10 
explain ia simple tems the mance und objects of 
Whitehead’ Prince of Bstearine Abstraction This 
seems to me to be the ‘Prolayomena i weery future 
Philosophy of Nature.” It is quite posible vo explain 
fis motives and geseral charaaar’ witbost entering 
ecply into those lagico-mashemadcal complications 
‘which ave inevitable when # is applied in demil, Next, 
eat daring, {have disewsoed the dificult problems 
‘hich centre upoo the geseral notion of Time and 
Change. Herw I have tried $0 make some answer to 
the very disturbing arguments by which Dr M'Taggart 
has claimed to disprove the reality of these apparently 
fandamencal atures of the Universe. After this the 
test of the Fira Pert should be fairly plain sailing to 
anyone of decent general education, though I do not 
pretend that it ean be understood without efor by 
Persons wha ace uatariliar wich the subjects which it 
treats 

1m uome of whese later chapters the emader will nd 
2 number of mathematica formate, He must not be 
‘ightaced of them, for T can assure him that they 
involve no nlgebraical processes more advanced than 
the simple equations which he learnt to solve at his 
mother's koee. T myself caz make no claims to be 
4 mathematician: dhe mest T can my ix that 1 can 
‘reneaally follow 4 mathematkal argument if T ake 
‘enough tase ove it. ks to believe that, is expound 
ing the Theory af Relativity, a clumey eathewatiian 
has some af the qualities of his defects His own formper 
dificulies wil atleast suggest to tam the places where 
others are likely to have trouble. 

In Part If we tart afr ta quite diferent fevel 
Here T ury to point out the sensible and perceptible 
facts which underiio the highly abyoact concepts of 


















PREFACE 5 
scnace, and the cruder, but ill highly sophie, 
concepts of common-sense, Beside the isting interest 
and inporacce of this copie % bas a direct beazing on 
Part 1. A great deal of the diticulty whi 
people have ia accepting the newer views of Space, 
‘Time and Motion, arises from the fact thet they regard 
the traditional coscopts as perecly plain and obvious, 
whilsthey fel cht the later modifeations are paradoxes, 
forced 03 them oi a armas by 2 few inconvenient and, 
relatively trivia facts, The moment we recognise how 
extraordinarily remote the cassical concepis are from 
the crude facts of sease-esperience, from which they 
‘ust bave been gradually elaborated, this source of 
incredulity vanishes. The hold of the tradition is 
loosened j and we are prepared to cousider alternative, 
tnd pouibly mare satisfactory, conceptual symtbeses of 
sensible facts 

T bare tried in Part 11 wo focus belowe my mind what 
srema to eta be the most important work that bas been 
done on these subjects since 1914, when the publication 
A my Pecotion, Phynes, and Reshty uadapply pre- 
capitated a European war. If i have learot nothing 
lve since then, {ave at least come to vee the extreme 
complexity of the problem of the external world and of 
ur supposed nowindge of it. My obligations to 
Moo, Rumell, Whitehead and Stout are continua, 
‘and wil be perfectly obvious to anyone acquainted with 
the literature of the subject. 1 bere make ay grateful 
acknowledgments to thes, oace for all. To a tex 
extant I have beea influenced by Alexander and Dawes 
Hick. Unave merely mentionnd Dawes Hicks theary 
of appearance and then left it. Tais is not because 1 
‘think it ether impossible or unimportant, but because 3 
‘um been deliberately tying to work out a diferent view, 
‘hich T alo think t be possible and important, 
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4 cannot clsim to hare put forward soy new asd 
stating theory of the usivers. If I have any klad of 
hiloophical meri, it ia nether the constructive fertlity 
of an Alexander, sor the penetrating crtial acumen of 
sn Moore stil lean ist thet extrmondinary coublaatos of 
bork with technical mathematiol sil 
ics Whitsboat and Ramell, can 
bumbler (yet useful) power of stating dificult things 
dearly and not oo superficially, 

“Tncadent ai ypiratie wotion Aen, 

‘Cando equa, yrs dont Se maraore vate,” 
‘but I hope that I may at least have smolten some of tht 
‘metal and hewa soee of tha stone which others will 
tise ia their coostrections. 

T anust od by thaskiag Dr R. $, Pxton of Perth 
for kindly reading the proois and helping me with the 
Index ) Mr E. Harrison, of Trinity College, Cambridge, 
for his galiant efforts to iavolve ray dedication in “the 
cent obscurity of a learsed leoguage”s and the 
icioters for the care which they have takes in printing 
‘what must have bean e rather troublesome piece of 
work. 





©. D, BROAD, 
Lanoon, Sop, x933, 
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PART I 


‘THE TRADITTONAL CONCEFTS OF MATHEMATICAL 
PHYSICS, AND THEIR GRADUAL MODIFICATION 
WITHIN THE REGION OF PHYSICAL SCIENCE 


Contenrs o» Pant 1 
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"No, Lecter, expecta hee, ocy, conta Pico 
sax Dates onalonees werent," batnged sat 
Flic se aoe pum, ct oir Fugen 
iatyay hem ungated, 
tae Na ee gn than, Pan cap 2) 


‘The Sudject-matter of Philovophy, and ite Relations 
a the special Sciences 


T swatt devote this introductory chapter to stating what 
1 thinle PUasophy is about, and why the otber sciences 
tun iesportant to it and it is important to the other 
sciences. A very large cursber of sclentints wil begin 
such a book as this with the strong conviction that 
Philosophy is mainly moonshine, and with the gravest 
doubts a3 to whether it has anything of the slightest 
{importance to tell them. 1 Go not think that this 

of Philosophy is wue, oF I should not waste my time 
tnd cheat exy students by trying to teach it. But] do 
think that auch a view is highly plausible, and chat 
the proceedings of mazy philosapbers have given the 
_eneral public some excasa for its unfavourable opinion 
of Philosophy. ¥ shall therefore begin by stating. the 
case against Philosophy as strongly as { cas, and shall 
then try to show that, inspite of all objections, it sally 
ia u definite science with a distinct subject-matter. 1 
shail try to show that it really dues advance and that 
tig related to the special srences in such a way that 
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the cooperation of philosophers aad seeatie is of the 
‘amar beneSt to the studies of bb. 

IT shinis chat an intelligent scientist would put bis 
case aguisst Philosophy somewhat a9 follows. He 
would says “Philosophers discuss such subjects a5 
the existence of God, the immorality of the sont, and 
the freedom of the will, They spin out of their minds 
fancifs! dhoorien, which can neither be supported nar 
refuted by experiment. No two philosophers agree, asd 
20 progress is made. Phulasophers are still discussing 
‘with great heat the same questions that they discussed 
in Greece thousands of years ago. What 2 poor show 
does this make when compared with mushematics oF any 
of the natural sciences! Here therein cortinnal steady 
‘progress ; the discoveries of one age are acocpted by 
he next, and become the basis for further advances 
fn knowledge. There is coatoverty indeod, but it is 
{iuitfol epotroverty which advances the acieace asd 
ends io definite agreemest ; tis oot the aimlens 
‘wandering inn cicela to which Philosophy iscondessned. 
Does thes ot very strongly suggert that Philosophy 
is eather a mere playing with words, or that, if it has 
42 genuine subject-matter, this is beyond the reach of 
‘human intelligence?” 

‘Our scemtst might sil forther strengthen his case 
by ceftecting on the past history of Philasophy and oa 
he method by which iis commonly taught to students. 
Hee will remind us that most of the present sciences 
sane by being maed up with Philosophy, chat 30 
long. as they kept thes consexiog they semained soisty 
and vague, and that as 2000 as their fundamental 
principles began to be discovered they cut thelr dis- 
reputable associate, wedded the experimental method, 
and seftied down to the steady production of strapping. 
family of established trathx Mechanics i a case in 
Poin So long as was mixed sp with Philosophy 
saade no progress ; when the true laws of motion were 
itincovered by the experiments and reasoning of Galiles 
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st ceased to be part of Philosophy und began tu develop 
{nto x separate scieace. Does this not suggeat that the 
subjec-mutar of Philosophy is just that ever diminishing 
fragment of the universe io which the scientiat baa nat 
yet discovered laws, and where we have therefore to pt 
tp with guesses? ‘Are not such guesses the bes! that 
Philasophy has to ofr; and will they not be swept 
aside a 2000 as some man of gealut, like Galileo or 
‘Dalton or Faraday, aes the subject on ibe sure yath of 
science? 
‘Should our scientiat talk to students of Philosophy 
vd ask what happens at their lectures, his objectons 
will moat likely be strengthened. ‘The answer may take 
the clancal form: He tells us what everyone knows 
in language that no one can understand.” But, oven 
If the answer be not 30 unfavourable as this, it is not 
unlikely 10 take the form: “We bear abost the views 
of Plato and Kane and Berkeley ox such subjects asthe 
reality of the extereal work! and the icsmortlity of the 
soul.” Now the scientist will at once contrast this with 
the method of teaching in bis own subject, and will be 
inclined to say, ifjegshe be a chemist: “We learn 
‘what ore the laws of chemical combination and the 
structure of the Benzene nucleus, we do not worry our 
‘heads as to what exactly Dalton thought or Kekale mid, 
I philotophers really know anything about the reality 
of the external world why do they not aay straight- 
focwardly that it ix real or unreal, and prove it? The 
fact chat they apparently prefer to discuss the divergent 
views of a collection of eminent ‘back-umbers” on 
the quention strongly sogaests that dey ‘now that there 
is no means of answerieg ie, and that nothing better 
than groundieas personal opinions can be ofered.” 
have put these objeclocs as strongly a3 1 can, and. 
now propose to sce just bow much there isin them. 
First, as to the alleged unprogrestive character of 
Philcauphy, This ig, T think, an illusion : but it is 
very natural one. Let ua take the question of the 
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ality of the extemal world as an example. | Common- 
‘sense says that chairs and cables exist independently 
of whether anyone happens to pescelve them or not. 
‘We study Becheiey and find him claiming t0 prove 
that such things can osly exis: so long as they are 
perceived by someone. Later on we read some moxiern 
realist, like Alexander, and we are told that Berkeley 
‘and thet chaire and tables can and do exist 
‘We seem merely to have got back to 
hare we stared fos, and to have wasted our time. 
‘But this is not really 20, for two reasons, (i) What we 
‘walicye at the end ofthe process and what we believed at 
the beginning are by co means che sume, although we 
exprean the two beliefs by the same form of words, 
‘The original belief of common-sense was vague, crude 
and unsnalysed, Berkeley's arguments have forced 
us to recognisa a sursber of distinctions acd to define 
ouch more cleaely what we mens by the statement that 
cairn and tables exist voperceived. What we find in 
that the orginal crude belief af commoe-sense consinind 
of 4 cumber of different belief, mixed up with each 
other. Some of these may be true and others false. 
Berkeley's arguments really do refute oe throw grave 
doubt on some of them, but they leave atbers stand 
Now it may be chat chose which are left are enough 
‘constitute a belief in the independent reality of external 
cobjecta. If so this Gnal bellef io the reality of the 
exiereat world js much clearer aod subtler than the 
‘verbally svilac belied with which we began. It has bees. 
purified of irelevant factors, and is 30 longer a vague 
mass of dlfecent beliofs mized up with each other. 

Not only will eur Gaal belief differ in content 
from our origigal one, it wil also differ iz certalaty. 
Our original belief was merely instinctive, and was at 
the mery of aay sceptical esitle who chose to cast 
doubmon i Berkeley has played this part. Our final 
belicf is thet part or that modification of our original 
ove that hag managed t survive his criticisms, This 
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does not of course proce that it is true; there 
other objections to it. But, at any rats, n belicf that 
‘bas stood the eritciams of az acute and eubile thinks, 
Uke Beckeley, ig much more Ekely to be tur than a 
merely iaminctive belief which has eever been criticised 
‘yy ourselves or anyone else. Thus the process which 
at first aight sormed 10 be merely circular bas not really 
‘been wo. And it hax certainly 10 en unsiesn; for it 
thas enabled ua to replace = vague belief by a clear and 
analysed one, and a merely instinctive elie by one 
‘hat has passed theough the Ere of criticise 

‘The above example will suggeat to us a part atleast 
of what Philosophy is really about. Common-sense 
‘constantly makes use of a aucrbec of concepts, in terms 
‘of which it interpreta ita expenesce. 1 talks of shiag? 
of various kinds ; it anys that they have Alces and dels, 
that they chengr, and that changes ia one cous changes 
in others, and $0 on. ‘Thus st makes consiaat use of 
such concepts oF categories us thinghood, space, time, 
change, cause, etc. Science takes over these concepts 
fro common-sease with but slight modification, and 
ses them in ica work. Now we can and 9 aur 
‘concepts without having any very clear idea of their 
rmeazing or their eutual relations. 1 do. not of course 
suggest that to the ondiaary man the words mdséenen 
cause, changy, wiz, are mere mexsingless noines, like 
Jabderoock or Snark. cig clear that wo maa some- 
Thing, and something diffrent in each ease, by such 
words. If we did not we could not use them con- 
sisteatly, and it is obvious that on the whole we do 
consistently apply and withhold such names. But it 
is possible to apply concepts mose ox less successfully 
‘when ove has only a very confused idea a5 to their 
meaning. No man confuses place with dete, and for 
practical purpeses any two men agree as a rule in the 
places that they assign to a givea objec. Neverthaless, 
Jf you ask them what exactly they mncan by plac and 
dee, thay wil be puzzled ta tli you. 
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Now the most fundamental sk of Philosophy is 10 
take the conerpts that we daily use in common life and 
Satace, 0 ants tam, ood tee So String te 

‘meanings and their mutual relations. Evidently 
hia was lnsporaat duty. ta the fet place, clear and 
accurate knowledge of anything 3s an advance on & 
ruere hery general famikaricy with it. Moreover, 
the absence of clear knowledge of the meanings and 
relations of the concepts that we use, we are ontain 
sooner or later wo apply them wrongly or to meet with 
faceptional cases where we are purled 25 10 how 10 
apply them at all. For tstance, wo all agree pretty 
‘well as t0 the place of a certain pin which we are 
oolong at. But suppose we go on to ask: * Where is 
the image of that pls {a w certain micror and in itin 
this place (wtataver it may be) in preciely the sone 
im which the pin iteif rs un ss place?” We sball find 
the quettion a very pureling one, aad there will be 90 
hope of answering it unt we ave carefully analysed 
‘what we mean by being o « flat. 

‘Again, this task of clearing up the meanings and 
dewermining the relations of fucdamenal concepts is 
mot performed to any extent by any other science. 
Commistry war the notion of substance, geometry that 
of space, and mechanics that of motion. But they 
aaugume that you already know what ss meant by 
andvtowe and ipact and motion, So you do in a vague 

ind it is cot ther business to enter, mare 
than {or their own special purposes, isto 
the moaning and relations of these concepts as such. 
Of course the special sciences do fo some measure cloar 
‘up the meaniogs of the concepts that they use. A 
chemist, with his disioction between elements and 
‘compounds aad hie laws of comblastion, bas a clearer 
dea of substance than ax ordizary layman. But the 
special sciences only dicuss the meamnga of their 
‘concepts so far as this 1s needful for theur Own special 
arpeses. Such discussion is incadental to them, whilst 
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itis of the essence of Philosophy, which deals with such 
questions for their own sake. Whenever a scientat 
bagins to discuss the concepts of bis science Sn tia 
thorough and disiterested way we begin to aay that he 
{s studying, not 90 much Checustry oF Physicn a8 the 
Phissophy of Coemisicy of Physics. Ut wil therefore 
perhaps be agreed tha, in the above sense of Philosophy, 
there is oth room and eed for such study, and Wat 
there fs no special reason to fear that st will be beyond 
the compass of human faculties 

‘At this point a eciGciam may be made which bad 
Detter be met at once, [¢ may be said: “By your own 
admission the task of Philosophy is purely verbal; i 
conaises mtirely of discussions about the meanings of 
‘words.” This criticism is of course absolutely wide of 
the mari. When we say that Philosophy ries tol 
Lup the meanings of coacepes we do not mean that it 
simply concerned to substitute some tong phrase for 
some familiar word. Any analyns, when once it has 
een made, iy naturally exerted ie words ; but 80 too 
Is any other discovery. When Cantor gave bis dfini- 
‘won of Contizulty, tie fsal result of is wock was 
expressed by saying tbat you can substtate for the 
‘word “continuous” such und such a verbal phrase. 
Buttha eavencist part of the work was a Gnd out exactly 
‘what properties are present in objects when we predicate 
coatinuity of them, and what properties are absent 
When we refuse to predicate contisuity. Tait was 
evidently not a question of words but of things and 
their properties. 

Philosophy bas another and closely connected task. 
We not caly make continual use of vague and 
weanslssed concepts. We have also a number of un- 
criticised beliefs, which we conmany amume in 
ordinary Fie and in the sciences. We constantly 
saamume, og: that every event has x cause, that nature 
obeys uaiform laws, that we live is a world of objects 
‘whose misteace and behaviour aze independent of ost 
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knowledge of them, and sa an. Now scence takes over 
these beliefs without ‘trom commoe-seose, and 
simply warks with them. We know by experience, 
‘boweter, that beiels which are very strongly hid axny 
be mere perjudices. Negroes Gnd it very bard 
believe that water cam become solid, because they have 
always lived ia a warm climate. Is it not possible that 
‘we believe that nature ag a whole will always act 
Uaitormly simply because the part of nature in which 
the human race bas lived has happened to act 90 up 
tothe prmseat? All such belies then, however deeply 
rooted, call for critica. The fret duty of Philosophy 
fs to suite them clearly; and thie can only be dont 
‘when we have analysed and defined the coooepts that 
they ioveive, Until you know exactly what you sican 
by hanes and seuss you cannot know what is meant 
by the statement that every change Aas a conse. And 
fat much weight can be atuched to & person's most 
‘passionate beliets i he does not know what procitely be 
is passoaaiely believing. The cet duty of Philosophy 
isto teat such belies: aod this can only be done by 
resolutely and hoceatly exposiog tem toevery objection 
that one caa think of oneself or find in the writings ot 
others. We ouget only to go on believing « proposition 
ify atthe ead of this process, we stil ficd it imponsibie 
10 dubs it. vec then of course it may not be toe, 
but we ave at lost doce our best. 

‘These two branches of Philosophy—the analysis 
and definition of our fsodamental cancepta, and the 
dear statement und resolute criticism of our fundamental 
deliet—I call Creal Phelarply, It ia obviously a 
necessary and = possible task, and it is not performed 
boy any ather science. The other sciences ase tbe 
sparepis and exam the boliets; Critical Philoaopby 
ties to analyze tbe formor and to exiticise the later, 
Thus, 20 fong an science end Critical Phy 
leeep to their own spheres, there iz no possibility of 
conflict between them, since dheir subject-matter ix 
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quim diferent. Philosophy claims 2 snaipse the 
eseral concepts of rabutance and cause, ef 1 docs 
to claim 20 tell us aboot pardcular substances, Ie 
014, oF about parncelar Ines of causation, as shat 
saa rept dissolves gold. Chemistry, on the other 
Titad, tll usu great deal about the various kinds of 
subatances in the world, and how chenger in one catse 
changer in another. But it does not prolesr to analyse 
the general concepes of substance or camation, ar 10 
consider what right we Bare to ansume that every event 
hats cave. 

Itshould now be clear wiry the etbod of Philsophy 
{a 20 diffseat from vat of the natural sciences. BX 
Derisenta are 201 made, because they would be uterly 
faeless, TC you want to find out how one substance 
Delaves in presence of another you naturally put the 
two together, rary the conditions and note the results, 
But no expecioeat will lear up your Ideas an to 
meaning of amu in geveral or of sedelama iz gears 
‘Again, all conclusions from experiments eest On some 
of those vory aasamptions which Ic is the business of 
Philosophy to sate clearly and co cite. ‘The experi= 
meter assumes that nature obeys uniform laws, 
that aimilar resule wil follow always and everywhere 
from sulicienly similar condivocs, This is one ofthe 
assumptions that Philosophy want to consider eritieally, 
‘The method of Philosophy Uns resembles hat af pure 
satbematiog, at Inst inthe reapeet chat nehee has any 
‘efor experiment. 

‘Thete is, howeves, a very import diference. In 
‘pur mathemati we sar ether from axioms which a0 
(ne questions of fom presine which ae qute explicitly 
Srumed merely ar bypoibeen; and oor main inleven. 
into deduce remote consequences. Now most of the 
tacit asauasptions of ordinary fe and of natura scence 
Cdaim to be trae und mot merely to be hypotheses, and 
tt the sazce time they are found t be ither clear 
tor selievideat when erkically rected poo. Most 























~ SCIENTIFIC THOUGHT 


‘uathematical axioms are very simple and clear, whllst 
stost other propositions which men strougly believe are 
highly complex and confused. Philosophy is mainly 
concamed, not with remote conclusions, but with the 
analysis and appraisement of the original premines, 
For this purpase analytical power and a cerazin bind of 
insight are secessary, and the mathematical method is 
not of much uae. 

‘Now there is another kind of Phitasophy t and, as 
this is more exciting, itis what laymen generally under- 
‘stand by the name. This is what [ call Speenlatroe 
Phalsoply. Us bas a different obyect, is pursued by 
Giflerent method, and leads to results of a different 
aegree of certainty from Critical Philosophy. Its 
‘object is to lake over the results of the varioutscleeces, 
to add to them the results of the rebgious and ethical 
experiences of mankind, and thea to reBect upon the 
‘whole, The hope is that, by this means, we may be 
able to reach some general conclusions as to the aature 
of the Universe, and ax to our position and prospects 
init 

‘There are several points to be noted about Speculative 
Philosophy. (i) If it ia to de of the slightest use i 
must presuppose Critical Poilosophy. it is useless to 
(ake over masses of uneriticined detail from the sciences 
tnd fom the ethical and religious experiesons of men. 
‘We do not know what they meas, or what degree of 
certainty they possess til they have been claried and 
appraised by Critical Philosophy. It is thus quite 
possible that the ume for Speculative Philosophy has 
ot yet came; for Critica! Philosophy omy nut bave 
advanced far enough to supply it wich a firm basis. 19 
‘the past people ave tended to cash on 10 Speculative 
Philosophy, because of its greater practical interest. 
"The renult has been the production of elaborate systems 
‘which oy guite ily be described as roonshine, The 
discredit which the geoera! public quite righty attaches 
to theae hasty attempts at Speculative Philosophy is 
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reflected back 00 Critica! Philosophy, and Philosophy 
asa wbole thus falls into undeserved discepute. 

‘Ac the best Speculative Philosophy can only 
consist of more or tess happy guesses, made oc 4 very 
leader Basia. There i no. hope of its reaching the 
cortainty which some parts of Critical Philosophy might 
quite well stain. Now speculative philosophers x5 & 
clasg have been the most dogmatic of men. They have 
‘ween more certain of everything thas they had a right 
10 be of anything. 

(iis) Aman’s Smal view of the Universe as a whole 
‘and of the position and peospects of himeelf and 
fellows, is peculiarly hable to be biased by his hopes 
and fears, his Wises and disikes, and tus fodgments of 
alue, One's Speculative Pailowphy tends t0 be in 
fluenced to an altogether undue extent by the state of 
one's iver and the amount of one’s bank-balence. No 
doubt livers and bank-balanoes have their place in the 
Unlvesse, and no view of xt which fails to give them 
their due weight is wltimaualy mustaccory, But their 
ddue weight is considerably lexs than thoir indlenoe an 
Speculative Philosophy might lead one to nuspect. But, 

‘we bear this 1m mind aod try our hardest to be 
ethically neutral,” we are rather lable 10 go to the 
other extreme and entertain a theory of the Universe 

nders the cxistrace of our judgoents of value 























‘A large pact of Crisial Philosophy is almost exempt 
from chs source of error. Ou analysis of ruth and 
falsehood, or of the natsre of judgment, is not very 
likey to be influenced by our hopes snd fears. Yet 
aeven here there is slight danger of iatellecrus! dir 
honesty. We sometimes do our Critica Philosophy, 

th baif aa eye on our Specaiative Philosophy, and 
aooept oF reject beliefs or analyse conocgés ia a cern 
‘way, because we foe! that thre will St in bezar than asiy 
Uizinative with the view of Realty aa wbote that we 
Dappen to Uke. 





a SCIENTIFIC THOUGHT 


iv) Nevertheless, if Speculative Philosophy re 
members its Umitasions, it Ia of value to sclentiaty in 

methods, if not ia its rexuhs The reason is this, 
In alt the sciences except Psychology we deal with 
‘objects and their changes, and leave out of account 
‘5 far sn possible the zilad which observes them. In 
Paychotogy, oo the other hand, we deal with minds 
and their processes, asd leave out of account as far as 
possible tbe objects thet we get 10 know by means of 











forget that meds exiat, and that If it were not for 
them be could neither know nor act on pbyzical objets, 
‘The pure paychologist is inclined. to forget that the 
aman businend of minds is 10 know and act upon 
Sbjecta; that they are mont intimately connected 
‘with cereain portions of matter; and that they have 


‘apparently arisen graduaily in a world which at or 
time conteined sothiog, but matter. Materialia 
the characteristic speculative philosophy of the pure 
natural scientist, and subjectivn idealiom that of the 
pure prychologist, To the scientist subjective idealism 
seems a fairy tale, and to the poychologist eateriatism 
seems sheer lusacy. Both are right io their criticisms, 
‘but neither sees the weakness of his own ponition. The 
‘ruth is that both these doctrines comet the fallacy of 
over-simplifcatiOn ; and we can hardly avoid Gal 
into some form of Chis unless at some time we main = 
rasolnte attempt (0 rink gaspically of all the facts, 
‘Our remits may be trivia; bot the process will at least 
remind us of the extreme complexity of the world, and 
teach us to reject any cheap and easy philosophical 
theory, such as popular materialism or popalar theology * 
Before ending this chapter 1 will say a word about 
the three sclenees which are commonly thought 1 be 
raetgy, oe Vm” ot“ ere 2 x ar of Spee 
Picsepiyy Soar me ofthe send” Set Abe 
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specially philosophica!. These are Logie, Ethios, and 
Paychology. Logie simply is the moet fundamental 
part of Cridcal Philasophy. It deals with such concepts 
{is rath, mpication, prokabily, das, etc. Ta act It may 
be defined as tbe science which deals with propanitional 
forma, theie parts, their qualities, and thevr relations. 
{ig bssinnas {to analyse and. classify forms, and to 
consider the formal relations that can subsist between 
them. Now all science awsists of deSnite propositions, 
and each of these in of one of the forms which Logie 
‘Suulina; but ic i> not che busiveas of any other science 
‘exphitly to akacuss propositional forms. Similarly all 
sclence is full of inferences, good and bad, and al! 
Inference depeces o relatioes that are supponed to 
szubsist between premises and conclusion. But it io 
{or Logic, and for it alone, to decide what relations do 
in fact justify inference, und whether these relations da 
etually subsist in a given ease, Thus Logic ia that 
part of Critical Philosophy which deals with the most 
esaral and pervasive of all with hase 
Fundamental beliefs which form the “connective tissup"™ 
of all kxowledge. 

‘The greater part of Ethics again is simply « branch 
of Crtial Philosophy. 1 is & fact that we not only 
believe that such and sech events tappen, but that 
‘we also pasa judgments of appraval or disapproval on 
cxcain of them. Such judgments use peculiae con 
‘cepts, Tike gond and bad, reds and serong, diy, et. 
‘Avery important part of Ethics is thn altempe 10 
analyse and deSne these peculiarly obscure notions 
which we all woe so gaily in everyday bie. Aga’ 
there are a grest many jodgmests of value which aay 
people assume as certain; cg. Pleasure is good, It 
i wrong to tell ies, A man bas a right to do what 
Ire likes with fis awn, and so on. Another important 
part of Ethies is the aftempt 10 state such judgments 
Clearly, and then to see what evidenca, if any, there 
4s for them, ‘Thus, Kekics is that part of Gritial 
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Philosophy which analyses the concepts end crcines 
the presuppositions that we uae in cur judgments of 
approval and dispproval. 

Paychology, ax i anems to me, ix not 2 part of 
Philosophy at all, bot is simply one of the special 
secieacen. ‘Thus is shown by the fact that, unlike Logic 
and Ethics, ie argues inductively from experiment and 
observation, though the observation takes the pecul 
form of introspection. I is however, a very peculiar 
Lind of special science. His obvious that Chemitiry ad 
Physics are much snore like each other than eidher of 
them is ike Psychology, The reason is that the ewo 
former sciences trext two rather diferent but very 
pervasive sets of maura! properties, whist the later 
Seals with minds, which epparently occupy = usique 
and strangely isolated position in the Universe. Or, 
again, we may aay that Paychology Gauls with what 
ig relmivety pervate, whilst all the odver natu acirnces 
deat wth what is relatively public. 1 now it ahould 
toe asked yiiy Psychology Ins been supposed t0 be 
‘specially enonected wits Philosophy, 1 thisk that the 
fitlowing anzwors wall be acly satalactory. 

() Payehology supplies Crtical Philosophy with 
smumbec of concepts as raw material for analysis and 
ritssen. Such ze the concepts of muna sf, come 
aoumts, ibe, snouts, prepto, etc. Now these 
notions we all admit to be Bighly confused and obscure, 
‘whereas we ace inclined to thtck—ustil we learn beter— 
‘that thera is no particular diéculty about mich concepts 
a fla, date, mace, cast, ee., Which we ube in the 
ther scenom. Thus a great pert of any sandard 
Yooke on Paychology does in fact consut of attempin 
to anulyae and defice certain concepts, and this is of 
course Gekical Philosophy. 

(i) When we try to clear op the meanings of 
‘hysical concepts lke pea, det, matter, ec., we often 
find that a reference 1 the processes by which they 
ome to be known in exential, axd that they owt part 
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of their obscurity ta the abstractions which seienoe und 
common-sense have made, Thus, i doing Critical 
Philosophy, we do constantly have to appeal 02 facts 
‘which belong to Prychology, even when we are sot 
Primarily dealing with psychological concepts. 

(il) 19 Speculstive Philosophy we oxght, no doubi, 
1 take int account the results of al! the seiesocs. But, 
‘owing to the unique subyect-matter of Paychology, we 
shall go hopelessly wrong if we omit t, whilst we aball 
Rot ga 50 hopelessly wrong if we omit one of the 
seleaces of matter, och as Mizerslogy oc Botany. 

For these reasons we may admit that Paychology 
is of peculiar importance to Philosophy, though we 
‘ust deny tut it iss part of Pailosopby, Khe Logic 
and Ethics, 

"To present book deals wholly with Critical 
Philosophy, aad only with » small pat of that. Itin 
‘concerned almost entirely with an attempt to clear up 
some of the cosoepts used ia the satura sciences, It 
does 20k deat even with all these, cg very lite x gard 
about cuusation. The reasos is that 1 did not want to 
deal with purely togicad questions ; aod it is hardly 
possible to discuss causation adequately without going. 
{nto the question of induction, ia which causstion is 
‘costtionly thought to play an important part. 

‘Additional works that may be consuited with prof: 

FM Raasuay, dgweran and Ret, Itrdecioe. 

W Sitowies, Puouphly 10 Sai nd Flatows 

BAW Romi, Oor Kemmis te Exhrmal Werk, 
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‘The Traditional Conception of Space, and the Principle 
of Extessive Abstraction 
Avis not skimately possible to treat Space, Time, and 
Mumer, as used in physical seiesce, in isolation from 
ach other; for wo sbalh wee that they are cloaely 
bound together in their very aatures. This ig, however, 
4 comparatively recent discavery ; and the traditional 
view, with which most of us sill work in daily lif, is 
that Space and Time, at any rate, can be adequately 
azalysed 1m isolation Grom each otber and from mater. 
‘As this isthe fannar view, it seems best to start from it 
and gradually to point out and remove its itspertections. 
In any case we Srust start somewhere, and the fac that 
the three concepts is question have so loag been treated 
as separable without serious practical error hows that, 
toa great exert, they are separable, The truth is that 
‘what is logically most primitive in nature is not what 
4a now rmost familiar tous, and therefore it ia beter for 
didactic purposes to start with the logically derivative 
tbs practically familiar, and work back to the logically 
primitive but practically usfasitiar. For exemple, the 
immediate data of sense, Uke coloured patches, ave 
lugically prioe to the nation of physica? objects, which 
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penis, and combioe many qualities; yet the latte 1s 
Iiuch the more familiar notion tous. Caball start then 
from the taditonal conception of Space. 

Unquestionably we ak of Space i ordinary ie 
land In scleoce a5 4 single great bax of contaizer in 
‘which all physical objects are kept and in which all 
Dhysical processes go on. It is true that many books 
‘on Mechanics do lp-sereice to 4 diferent view of Space, 
‘which sakes it const of eltions between bts of mate, 
But this conception is forgotien as soon as the author 
‘ngs worked off that particular chaptec, and ever afer- 
‘wards he and hin readers use the “box” theory of 
‘Space. We shall deal with this alternative view at @ 
much tater stage. Again, we shall see later that the 
notion of 4 single box needs overbaulingy but wn sball 
nat be able to apprecate why thin is so until ve have 
‘cmsidered the cocrexion of Space with Time. 

"For the present then, we shall take the comsioa 
practioal view of Space as a single box “with 20 sides 
to 14" fn which the things and events of the physical 
‘world move and have theis being. The firs point 10 
noice i that, when people alk of Space and spaces, 
they may be ustog these cocdative terms in two 
difarene seneen. () When we ‘all of Berkeley Square 
1s one space and Grosvenor Square as a diferent exe, 
wwe imply moan that they are fo diferent regions 
‘which do not averlap, but which are both part of the 
{Tingle Space of nature We do sot maxn thet they 
are diferent fends of Space. Neither Berkeley Squace 
tor Gronvenor Square is a Spector celther is a bor 
containing the whole af nature; but etch of them ix 
‘hoc, inthe sense ofa part of soch a be, 

(On the other bard, when mathematicians talk of 
‘Euclidean and non-Enclidean Spaces they are discussing 
‘ferent pomile leads of Space, and not Giflerent spaces 
like the (wo Londoa Squares whlch are parts of the 
Space of oature, of wantever kind thet may be. The 
sword Space is thas used (e} a a proper name, fa which 
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case it is equivalent to the phrase “tte Space of nature, 
of whatever kind that may be"; and (F) ax 4 general 
name, in which cage it connotes the property of being 
1 Space, and denotes ail the various wholes of that kind, 
suc ax Evelidean Space, Lobatchewsiian Space, and 
v0 om, Finally, every kind of Space bas parts, which 
sre spaces, but not of course Spaces. 

‘Aa a rater of history Ure concept of Space in 
sgerera! sprang from the investigation of the Space of 
ature. “Evel cenainly meant his axioms to desctibe 
the Spare ia which we tive and ove. But, on further 
reflection, two very important facts caserged. () The 

in any 
way an this ataumption being trur. (i) We can con 
cnive of extended wholes which are conticuo 
have scveral dissensioas, like the Space of mature, but 
‘which yet differ from the Euclidean kind of Space in 
any af their propertien, We decide then to call any 
‘whole that suficientiy cesembiex the Space of nature 
a Space, but we allow that there are many pousbie 
‘wholen which agree to this enent aod yet differ in 
thelr reniaining properties, Mathematicians at frst 
aly made timid modiécations ia Evcti's axioms, but 

‘boldness grew with familiarity, they gradually con- 
idered what, from the Eoclidean poiat of view, were 
wilder and wilder kinds of Spaon. 

pexiin ingorae thing i mit that ree 

ions of any aystem of pure geometry are merely 
Rypotbeical, They simply’ sae that swch and tach 
propoattioss foilow fom the axioms, when the terms 
aployed are defined by the desinitions and postulates 
‘of the system. We ought aot to say that the angles 
(of a trlangle ere together equal to two right angles, 
but that, if a tiaagle be in the Space defined by 
Enclid's axioms, this will follow. This fact is hidden 
from the begfoner in mathematics, becawe (@) the 
Space of natore ia comosonly assumed to be Euclidean, 
and (2) Sgures are commonly used is proving pro- 
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positions. But the truth is thet Sgues in geometry 
sare used only ax Ulastracioas, like atatinics ia the late 
Mr Chambeflain’s tarifereform speeches. They play 
no logical part in the proaf, as ix shows by the tact 
‘that a proposition about circles can be proved just a3 
conclusively with a rough rirle drawn is chalk on « 
Blackboard xz with as accurate cile drown with a 
‘air of compasses. The real premises of the proof are 
the axioms of the system, and the defnivons of the 
tesmg which we are arguing shout. 

‘When these facts are once grasped it easy to 
see the connexion between the Space of physics and 
the Spaces of pure geometry. We have arrived, by 
‘whatever means, at the concept of one physical Space 
the single sidelesy box in which all the phenomens 
fof nature aze kept. This has various characteristic pro- 
perties, uch ex contiauty, three dimensions, etc. 
From ths the pure uthesatician generalses. He 
takes & selection of these properties as the deficing 
marks of Space in geseral; and thea, by varying the 
remaining properties, conceives various kinds of Space 
fand works out theit geometry. At that stage, and not 
Ai then, the question can be put “Of what kind isthe 
‘Space of nature?™, ‘Which of the various possible 
‘Spaces accords best with the Space of physics?” 

"This is the question : “Im what Kind of box is 
‘ature contained?” It turns out not to be quite oa 
simple as asking whether one's clothes aze in x pore 
uanteau, a trunk, of a Gladstone bag In the first 
place, the actual antsogtement of physical Space with 
‘Time and with Matter becomes highly relevant at this 
Point. For instance, our geometry and our physics 
Are constructed to deal with diferent but intimately 
connected factors in mature, which are not eet with 
im taolation. Te ie therelore cooceivable that several 
ddtfren: systems of geometry will quay St che spatial 
side of nature provided thet suitable modifications be 
‘ede in the forms of phyeical awe. Apart from this, 
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there isthe purely mashesatical question as ta whether 
the diffrence betwean Esclidesn and ceria kinds of 
non-Eoclidean geometry be nat merely x difference in 
the conventions for meassring a single kid of Space. 
Tha fit kind of complication is roughly comparable 
to the passibitty of = box which changes ier shape 
teconding tthe way in which we pack our clathes in 
{tf some blu, dowaright person (such a8 an Oxford 
tutor) then anks whether your box isa trunks of x port: 
ranteas, and iasigis on “a plain answer to a plan 
question.” there is likely w be misundersianding. Tt 
{8 not 40 easy io lustre the second kid of complica- 
tion mentioned sbove, but perlaps the following analogy 
I he of use, The diflerence af temperature hetwest 
(oro places might be deGined either by the diference in 
length of a cerin column of mercury when teld atthe 
‘wo places, or by the diflerence im presnure of x vertun 
tame of gas when it is transferred from one plaoe 1a 
(ie other. " Whes temperature iference ia measured 
by dhe frst convection, two pairs of poiots may have 
the same temperacuredifierence; when it in meagured 
by the second convention the same wo pairs may have 
different tempecature-diferences, Ther is no question 
of ght or wrong in the matter; we just ike Two 
aferant measures of temperature diference, one of 
‘which ia more convenient for oue purpose and. the 
second for another purpose. Substitute "distance 
between ewo point” for */tempertture -difirence 
between cwo places,” and you have a case where twa 
diferent aystems of geometry mean, not two Spaces, 
hat evo alteaative ways af meanuring a single Space. 
So much for the distinction between tbe one Space 
of the satural scientist and the many Spaces of the 
‘muthematician, Le us now ask ourselves: What is 
the ieeducible minimum of properties that the ardinary 
‘cieaust ascribes tm the Space of nature? (i) He holds 
that it is un some sense cootinuons, and ther it har 
three dimensions. We seed not go into the accurate 
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mathematica! definitions af continuity and dimensions, 
Roughly we oman by the former that axy ovo spaces 
that do not overlap ure at ooce separated snd joined by 
anochee space, ard that all these spaces are parts of the 
fone big Space of.nature. By saying hat Space has 
three dimensions we roughly mean that three inde- 
‘pendent bits of information ure nesded to Bx the position 
ofe 














"Again, the scientist asd the oodinary layman 
draw a sharp distincion between Space and the thingy 
la Space, They hold thet Space, az sich, never causes 
anything. Mere postion has no eflect on any properey 
of mutter. If we move x bie of mater xbout, I may of 
sourae change in shape or sire. The mercury column 
‘fa thermometer will do this if we move it fom eutside 
the window to place near the fire. But the traditional 
‘view i thatthe mere change in posion i not enough 
to account for this. The length has changed bectuse 
the mercury has altered its position with respect to 
cxrtain matier in Space, ‘Tre complete inactivity of 
Space in, T think, for the plain man diy mari that cise 
tinguishes it from matier im Space. Whenever it veems 
to break down we fel perplexed and uncomforiable. I 
ca illustrate this in two ways (4) On the older 
‘Owocies of physics there was supposed to bea peculiar 
bind of matie, called. Ether, chat fled all Space. On 
these theones the Ether was supposed to produce all 
\einds of effects on ordinary matter, xd st became almost 
4 funily pet with cenain physicists. AS phynes has 
{edvanced, leas and (ess bas been found forthe Ether to 
a. {a proportion as ts has happeced physicist have 
“Do we meas by the Ether anything 

Space?” Ox Lorent’s theocy of 

















cxived Spaces in which difference of postion does make 
4 diffrence to the shapes and sizes of bodies, and ive 
{Nicessflly explained physical phenomena thereby, 
Prot Clitord a ore example, and Einstein in his teary 
of gravitauod, is another. But we do 208 at yet feel 
contlortable with the theories of Urs type, however well 
they mag explain the facia, because they sem to ivalve 
the action of Space on mater, acd Uns soem to upsct 
all means of distinguishing terwven the two, The 
average satelligent physicist will accept from the 
mathematician any Kind of Space chat Gis the observ- 
able fais, 0 long ast does not ac on matte. But 
‘the wilder kind of Spaces that the pore mathematician 
can offer his he refuses to accept as Spaces a all 
breaase itis part of what he moans by Space that ft 
shall be indifferent to, and thus distinguishable from, 
{tu content. {cmay be Ghat we ought nat 10 aterpt 
this objection as ulimate, beonuve the sharp separation 
Ibacneen the thee concepts of Space, Tine, aod Mater 
hag all the appearance of being arifcial; but in the 
prevent chapter we are config ourgelves to the (adi= 
‘tonal view. 

‘Space then, at present, sto be thought of asa single 
infinite, threedieensional receptacle, in which all the 
‘venta of mature have their being, but which Is indiferent 
tw them, If we reflect, we shall se that te evidence far 
te existence af such an object is by no means obvious. 
‘We an ccither see nor touch empty spaces; what we 
sve and touch are bits of matter. Now of course mont 
things io which scientists believe canzot be perceived 
bby the senses: 90 one cas see oF touch a hydrogen 
atom or a ightwave. Such objects are inferred by the 
scientist from the perceptibie elles which they aze 
supposed to produce. But Space is not evn in this 

Fon the emence of Space on the 
‘wadional view, is that t does sot produoe any effec, 
Obviously then the exiamnce of Space cxsner be inferred 
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‘rom its suppaset peromptible effects, since it is not 
supposed t= have azy- If then Space in nether per~ 
ceived nor inferred, whence do we get the concept of it? 

Ta dealing with both Space and Time there mre Oro 
istinee sets of concepts used, which we might call 
airbase and cllcaroe. The collective properties of 
Spece and Time are thoge that belong to them as 
individual wholes. Thus the questions of how we ome 
1 believe that there Is ove Space, that itis Buctidean, 
thar itcan be distinguished from the matter m it, and 
so an, are quenions concerning collective properties of 
Space. On the acher hand, there ae ccriain concepts 
that apply, not 20 muck to Space as an individual 
whole, ax to every bit of space, These are distributive 
properties, such as divinbility, onder of points on fines, 
and 9 08. In this and the next chapter we shall 
confine ourvelves to distributive properues of Space and 
"Time respectively ; it is onfy eta mach later stage that 
the question of coc Space oF Time, und its distinction 
from things or ereats tit can be faced. 

‘Now all the distributive properties that we ascribe 
to Spare have thevr root in certain facts that wa can 
directly obsecve in our felés of view, and to a less 
‘extent, in out felds of touch. Whenever [ open my 
exes |am avare of a variously coloured field. This is 
‘entended, oF spread out, and this extendedness is the 
root of my notion of sorlaces and volumes. Again, 
‘within the total field cerain specially coloured patches 
will sand out agunst a background: «there might 
‘be two green patches, which are in fact the wistal 
appearances of a pair of trees. Sach patches bave 
shapes and sizes; and here we have the sensible basis 
of the concepts of definite figures. ‘Then, between any 
two auch outstanding patches there will always be an 
smtended background with w different colour, which at 
ince joins and separaies the patches. Ik e.,we are 
is fact looking at tro trees, standing up ageinst a 
cloudless sky, ovr fel! of view will consist of two 
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charactristeally shaped green patches separated and 
curreunded by 2 blue extension, In the visual Seld 
there ig nothing to coerespoed t the notion of empty 
space, for the whote eld is corupied by some colour oF 
imher. Still, the visual experience thet we have been 
describing docs sufice to give us, in a rough form, the 
distributive concegts of exteaaion, shape, size, betwoon 
‘eas, and continuity. And it suggests, thoogh 2 dons 
not by iteelf actually give us, another conompt. A field 
af view does not come sharply to an end at its edges, 
It fades gradually away, and the details become lem 
‘usd lesa Gefinite the farther they are from the centre. 
‘Thus there is nothing la the experience to suggest that 
the field of view i an independent complete whol 
rather presents ‘itll aa « fragment of someching bigger, 
‘This suggestion is strengthened by dhe fac that when 
sre move our heads slightly the sew field of viow is oly 
slightly diferent fram the old one. Some details that 
‘wore distinct have beoome leas 20, others that were 
indistinct have become clearer hte that was present 
tons vanished and a lite that was not present has been 
added at the exteese edges ; but tho bulk of the Sed 
thas scaccely altered. This conficms the feeling. thet 
any field of view is only x Sragmect of « larger whole, 
tod | believe tbat itis one of the roots of the lritlens 
character which we asccibe to Space. 

Much the same concepts are crudely presented to us 
In our tactual Gelds. Whee I grasp anythnog it fects 
extended, and some things cel bigger than others. 
‘Agais, if the thing tas projections, 1 can feel them 
a3 macding out from 2 background of "' fecliog’™ an the 
same kind of way in which the grees patches stand out 
‘froma the blue background 1s the visual Geld. Bat there 
are ceruin peculiar facts connected with touch, a 
more expecialiy with touch in conjunction with rove 
ment, which are the germ of che ctinction between 
empty and filled spaces. Had we been confined 10 
slighe it is digscuk to see how we cosld have reached 
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this distinction, since the visual feld, ax ve have 
aiready ‘everywhere full of exlout.  () If] put 
amy hind on the top of an open tie bax T get's peculiar 
sensation, I feel a cold, sharp outline, and, aldiough 
ft would not be true © say that thece is na fee Back~ 
(graund within and wrthout this, yo itis erve to say that 
itis neural and indefinite a3 compared with the bioe 
background of the visual feld in. our example. 
Suppose I move my fingess along the edge of a ruler. 
T have & series of kinzsthetic sensations accompanied 
bya secies of tactual sensations. Suppose I continue 
the movement until my Rnger gets to the end of the 
ruler, and sul continue it afterwards, The tactual 
susations cease, but the kiziethehc senations gO On 
just as belore. The ceasing of the tsctual sensanont 
is the basis of the concept of emptiness; the permstence 
‘of the kinesthetic sensations 1s the basis of the concept 
that extension goes on im spite of the abeence af extended 
matter. 

‘Mazy of these remarks, which are bere just shrowa, 
‘out, will need to be sore fully developed when we 
ome to deal withthe collecuve atuibutes of Space. in 
the meanwhile we notice that all the information gained 
in this way is extremely crude, as compared with the 
concepts that wn use an geometry and apply sn phytic 
‘We see and feel fine suraces and lumps of coxplinted 
sbapes, not the usexiended points and the tines without 
‘bewndth of the geometers. And the spatial relations 
that we can immediately recognise betwees outstanding 
patches in our Selds of view are equally crude. They 
Are sor relations between points and stag Lines, but 
Detween rough surlaces and volumes. All chat Tam 
‘maiotaiaing 18 Uat these crude objects of sense-aware- 
fest do have properties that are evidently spatial, and 
‘hat we can seein them the germs ofthe refized notions 
‘af poincs, straight lies, etc. The question is: “How 
are the reficed terms and their sccomtely definable 
relations, which we use in our mathematics axd physica, 
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‘but cannot perceive with our senses, coanected with 
the crude lumps or surfaces and their rough relations, 
which we actually da sense?” 

‘Tha real problem is this. Thezelations of sough finite 
volumes, soch as we can perceive, are of unmanageable 
complexity. Again, the continuity and boundiessoess 
of Space, as suggested 10 ua by our sense-experiences, 
ace vaguely felt, not intellectually grasped. In this 
state it Is impomible to lay dows theic la 






Sgures and their fearfully complicated perceptible 
sets of termawith sipter and more manage 
Able relations. If we con do thin moccasfully we aball 
have ltled twa bieda with one atone. Wa shall have 
done fall justice to the spatial properties of what we 
can perocive; for our analysis. is supposed to be 
exhaustive. And, on the other baod, we shall bo atte 
to grasp these propecties and to reason sbout them 
in & way that was impossible while dhey remaloed in 
the crude anaaaiysedsate 1m which we sede chem 
sense-awarenes. 1 will give examples of what T 
Trea sang wih very extde coe a pray 
‘working up to ore refined cases. 
UEC wane to measure an inegular pieen af ground. 
1 frat try to divide it up intotriangles. Why? Because 
the tangle ina simple Sgure, and the areas of alt 
triangles ace consected with their tmear dimensions 
‘by a single sisple ixw. Moreover, I can exhaustively 
analyse any rectiliess Sure into triangles. Thus, 
inotend of having t0 apply a diferent principle of 
mensuration to every diderent rectilinear Sgure, ] can 
treat thea all by thin analysis in accordance with one 
ple law. 




















indefinite; sotoois that of the direction 
ag theas. For there is no one distance 
and 20 one direction In such a case. Yet evidently 
there ia a certain relation between two such bodies, 
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sbich I can peccrive, and should [ke to be able to teat 
Teathematically. ‘Two trees are at diferent percepble 
‘Gseances from 4 tied, and one pair of them may 
deinen dierent perceptise dcesion from anather pal 
‘Thun there are crude perceptibie telations of divance 
and dreetion, which we should like 1 Be able to express 
Securately aad to teat scientifically. Now we notice 
that the amalier we take ous patches o imps the less 
is the inaceuracy in the sotion of ote distance betwee 
them or she direction determined by them. Sul, 20 
long ar they bave ayy area or volume, the theoretical 
ditfculty reaalas, “What we should Tike to be able 
to da would be to cut up oar Bnite areas and volumes 
into seu of pars of we se, as we cut up our iregvlar 
rectilinear igure into m et of tangles hatenactly make 
it up, amd to regard the exude complex relations between 
‘the finite wholes as compounded out of the simple and 
Sefnite relations between these unextended parts 

‘Now this second example shows ut an imporant 
aeneral principle and an imporant genera! difculy, 
both of which extend beyond Space and apply equally 
to Time and Matter. We find that the relations 
between objects become simpler and more manageable 
8 the objecta become smaller. We therefore wan to 
Analyse finite objects and their relations inwo smaller 
and smaller pata, acd thee simpler and simpler 
felations. But we fod that when we ty to. pursue 
this course to the biter end we land in a difhculty, 
‘The relations da not become really defisite and masage- 
Ae tll we have come to parts with as size or events 
‘with we duration. And here ore are faced with = 
continuity, What we perceive ts always objects with 
Some maagnitede and duradion, end the relations that 
‘our peroepion telis up about are almays betwoon such 
objects. Have we any right to believe that Site 
‘objects consiat of parts of a» magnitude, or chat such 
par if they exize at ail, will Gave relations in the 
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volumes? A poict is something different in kind from 
42 volume or ares, however ssusll. We know whet 
wwe mean whes we say that a big area can be cut up 
neo emalier ones; but it is not at all clear what we 
mean when we say duat it can be cut up into points, 
‘The ove thing that is certain ‘a that the sense in which 
points ave pars of volumes must be diSerent from the 





exemplified among peresived objects. ‘The former in 
not, aed we are bowed to define it before we can feel 
‘comfortable in using points aad instants. 

"Wa cammoaly alur over this diffculty by entertaio- 
ing two incompatible notions of points, and using them 
sftzrnatsly a2 convenience requires. This expedient 
is not unfamiliar to theologians, and to business mea 
returning theie incomes for purposes of twxation. When 
wwe want 10 talk of ao aren as analysable ito points we 
think of points as lise volumes. 2f we feel qualms 
about this we usually suppress them with the excuse 
ich Midshipenan Easy's nurse gave for ber baby, 
that “after al, It wax a very lee one.” When we 
want (0 think of poiots as having exactly defnive 
distances we take them to have “position but no 
magnitude,” as Boclié pot it. Now nothing wilt make 
these two conceptions of points consistent with each 
other. Either points are extended or they are rot, 
TE they are not, how can they fit togetber along theie 
sides and edges (which they will not possess) to malce 
1 finite volume or acea? If they are, io what sense 
fan you talk of se divance eeween them, oF of the 
direction determined by a paic of them? To-call them 
infinitesimal volumes of areas oaly darkens counsel; 
for the word fgfnitsimal bere only serves $9 cover the 
atteaspt to combine these two incampatible qualities. 

‘The metbod by which auch difficulties ax these 
have been overcome ia due to Whitehead, who has 
Intely worked it out in fall detail io his Precives of 
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Natural Knowledge, asd Win Const of Nature, evo 
epoch-maliog works To explain iin full would take 
1 into regions of mathezsatial logie which 1 do not 
Propose 19 penetrate ia the present book. But the 
Problem is 30 impartast, and the method is of such 
(Geacral application in bridging the gape between the 
rude facta of sente aad the refised concepts of mathe 
funtical physica that I ahall give a sketch of 
"The frat thing to notice in that st doce natin the 
least matte to scence Wha i (be sear nar of 8 tere, 
Provided i will do the work chat is requced of t. If 
wwe can give & definition of poists wach will make 
Ghee Fuld!» cerain pair of conditions, i will not matter 
‘though points ip theaselves should urn out to be 
censiies of very different. kind from what we had 
‘ruppoved them 10 be. The two conditions are that 
Doines must have to each other the Sond of relations 
‘hich grometry demands; and (i) that poise must 
‘nave to flite areas and volumes such a relation that a 
‘reasonable secae can be gwen to the salement that 
such areas and volumes can be exhasatively analysed 
into seta of points. Avy entiy that acewers these 
conditions will do the work of « poict, and may fatty 
foe called a gover, no mater what ite otker propertion 
‘important fact, that what really satecs 
to science is not the inner nature of objects bat their 
‘mutual relations, and that any set of terms with the 
right muruat ceitions will answer all scientific por 
poses as well 29 any other ser with the me son of 
{Rlations, was fret recognised in pure mathematics, 
‘Whitehead's great merc is ta have applied it to physica. 
1 will fiat illstate it from pure athesatic, and 
tum consider its application to. our preseat problem 
Consider such irrational mumbess a2 /t und /3- 
Why do we call them muners? Sicoply because hey 
obey the formal laws of addition and mulsipileation 
twbieh integers, like 2 20d 3, obey; Zz,because they 
Rave to each other rolaions with the same formal 
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[properties as the relations that hoid between integers. 
Now numbers like «/3 and 9/3 were at fir defined as 
the Seite of vertain serien of rational numbers. Thus. 
aff was defined as the limit of the serie: 
fractions whose squares are feas thas. 

‘was defined as the limit ofthe series of rational factions, 
‘whose squares are less than 3. Then you can define 
‘what you art going co mean by the addition and 
malnplcaton of such limits. These will be new 

















afi of an when we talk of 245. 
‘iukiplication, fo he oew senses, have the same focal 
properties an they have when used in the old sense, 
Thum, egy /ZPa/3ma/3tJ2 just as a43n3t2 
We have ‘extendsi the weacing of adibaon and 
nlnptation, ut, a8 they have. precisely the same 
lagteal propenies in both senses, no haras is done by 
auting the same same for both, and talking of the 
‘Addition and mulaplicatioa of irrationals. Consequently 
there is no harm in calliag 3 and 4/3 mmbers; for 
‘we agreed that aay set of catides wese to count a8 
‘unibers, provided they bad to each other relations with 
the same logical properties as the relations berween 
familar nuasbers, Wee # and 3, powvess. Now all 
feasoning depends entiely oa the logical or formal 
properties of the objects reasoned about, and therefore 
‘we can henceforth reasos about irravonals as if they 
rere ondizary suribers. 

in exactly the same way, if we can define objects 
‘which lave co each other relations with the mame formal 
properties as Ute relations between geometrical points, 
(hean object will doall the work of pours, and can be 
called point, whatever their interoal structure may be, 
Once this in grasped an inital difealty can be re 
moved, We are apt 10 thiok of points ax fatezmally 
Simple, because they are amid to have no pars and 
to magnitude, But none of the uses to which we 
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ut points in geometry or physics depend on this 
‘nupposed internal simplicity. "The usefuloess of points 
epends entirely on the face that aay pair of them 
define a unique relation with very simple logical 
ropertias, vi., the straight line jolzing them. Now 
‘we see that ovy terms whatever that are related ta 
cach other by & relation with these properties will do 
this part of the work of poincs. Hence we must sot be 
surprised if we should find that points are not really 
simple, but ave a complex intersal logical structure, 
‘This is what we sda find. But we shall also Gnd 
that, in apite of the logical complexity of pol 
cleat sense can be gives to the statement that they 
‘have no parts and no magnitude. 

‘Weean now goastep further. I said that irationals 
sued 0 be defined as the mics of cenain series of 
rationals, They are not #0 defined nowadays. Why 
ig this? The answer i that if we define them ia this 
sway, icin ot certain that there ip anything answering 
to the defisiion, «/7 15 said to be the limit of the 
series of rationale wove sgquares are lesa than 2, Bh 
ow do you know that this seres has a Heit at al 
roughly speaking, bow do you know that there exits 
4 number which the series continvelly approxches, but 
fever reaches? The fact is that we do not know it and 
feannot prove it. Ir follows that, af we define ‘rationals 
in thw way, itis not creas that there are any irma- 
Gonais; «/2 might bea symbo! which sands for nothing 
a all lke the phrase “The present. King of France,” 
‘which haz a meaning but no application. We want 
therefoce ta get x deSnision that shall amount to much 
the sume thing as the éefrition by limits, but shall not 
fave uf in any Gobt as to the existence of something 
































will put it in this way, We are naturally tempted to 
‘define points as the Limics of certain sevies of areas or 
‘voluma, just as we daGned ievationals as tbe limita of 
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certain secies of rationals. And these attempted defini 
tons are steps is Whe right direction. But they ave 2ot 
ultimately satisfactory, because they leave the existence 
‘of points, as of ireationals, doubtful. Let me hustrate 
this with regard to points. We saw that, as we tabe 
aller and smaller areas or volumes, the spatial rela- 
‘ons between them become simpler and smote definite, 
Now wr car imagine a seziea of areas or volumes, one 
inside the other, like a nest of Chinese boxes. Suppose, 
‘that it wag 2 set of conceatric spheres. As you past 
‘to smaller and mailer spheres 1n the series you get to 
things that have more and more approximately the 
relations which points have in geometry. You might 
therefore be tempted to define a point, such a8 the 
‘pomman centre of the spheres, as the limit of this series 
Of spheres one inside the other. But at once the old 
difficoley would arise: “Ts there any reason to suppore 
that this series has a limit?” Adminedly it bas 90. 
Inst term ; you can go oc finding spheres within spherax 
indefinitely, But the mere fact that it does not have 
last tert is a0 proof that it does have a limit. The 
limit of su endless series might be described as the fmt 
tore that comes afterall the terms of the endiess veries. 
‘Hut this implies that the series in question forms part 




















cancentsic spheres dors form part of any biggne seriea, 
‘or that there is any term that comes alter every sphere 
in it. Hesce there is no oenainty chat points, defined 
13 the Viana of such series, exist 

How is such a difficulty to be overcome? [t was frst 
‘overcome fo iettional nombers, and Whitehead then 
showed tha: it wight be deal with in the same way for 
points, The solution will t fret sight strike those wo 
ace ualamiliar with it asa rere tr de foes; nevectbe~ 
Jess it Ia perfectly valid, and really docs the tick, 
Instead of defining fi as the limit of the series of 
‘tional nussbers whose aquares arc leap than 3, itis 
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defined as thit somes telf. That is 9/7 ie defined as 
the serias of all rational mumbers whose squares am 
leas than = There is a. doube that there it such a 
thing an /s,s0defned. "For there certainly are raions 
tmumbers, like t and 1° and a's, and to on. And it 
is certain that the sqaares of some of them are leas than 
2, thatthe squares of others of thea are greater than 
tnd that the squares of cone of thes: ace equal 10 2. 
Te is therefore orvtain thet there is a definite class of 
rationals whose squares are less than a, a0G that it 
has an infinite number of members. Tt is equally 
certain tat the numbers in the class form sere 
when acraaged in order of miagaitude. Thue thare ix 
0 doubt of the exiasence of the serie which wid 10 
be the mcaniog af «/3. 
Buc the dificulty Ghat will be felt at Grst will be 
diferent cas. The reader will be reclined to say: 











1 
oat doute tat /% as Geil by you, ena) what 
1 veey gravely doubt is whetber, a dened by you, it 

ia what {  aoyane else meas by 9/3. By a/3 I under 


mand a certain number of a peculiar kind; 1 do not 
‘ean a series of numbecs or of anything else.” ‘The 
answer to that difficulty is that secies of this kind will 
sesve every purpose for which rationals, ke 4/3 and 
Wi are used in mathematics. You can define nddition 
{tnd multiplication for such series, and they have exectly 
the same logical properties ax the addition and muttipl- 
cation of integers or of rational fractions. Lastly, wkung, 
this deficition of 4/2, you can give a perfectly definite 
‘meaning to the statement that the length of the diagonal 
of a square, whose side is of unit length, i: represented 
bby 4/2: The position is therefore this. | The definition 
of Trrationals defines something that certainly exists. 
‘And this something has all the formal properties and 
‘ill do all che work of irtationats. The sole objection 

ja that it is paradoxical, m so far ay i astigns a 
complex isternal structore to irzationals which we did 
‘ot suspect them of having. But that abjection is really 
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‘unimportant, because of the general principle that in 
science itis only the togical properties of the relations 
‘perween our terms that matter, and not their intsenal 





logical strucure. The objection is just a prejudice to 
bbe got over, like our feeling chat the inhabitants of 
‘Australia must be precariously banging on to the earth 





‘We should like to say that poiats 
‘of smaller and emaller volumes, 
‘one inside the other, like Chinese boxes. But we 
sannot feel any confidenoe that such series have lists 











ieee roo, andthe sovmpion ta Spa co 
thouous guarantees the later ones. Wesee, on reflection, 
that 1 is of the very nature of any area or volume t0 


‘have parts chat are themselves areas or volumes. We 
‘therefore, boldly define points, not xs the limits of suc 
erica, but as such series themselves. This iv exactly 
like the procedure ndopted in defining irrations)s, 
“There are certain additional difficulnes of detail in 
defiaing points, which do notarisein defining irationals, 
ill just indicate them and 
sefer the reader to Whitahead for 
the compiste solution of them. 
G@) There may be a great many 
ifferent. series of conver 
volumer which would all com 
monly be stid to converge to the 
‘same point, This in illustrated 
for areas in the figure above, 
where the series of citcles and the series of squares 
might equally be taken to defioe the point which is 
their common centre. Now, of course, the point cannot 
reasonably be identified with one of these sericx rather 
‘than with another, We, therefore, define the point, not 
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a8 any one of these series of converging volumes, but as 
the elass ofall the volumes in any of the seria that would 
commonly be stid w converge to the point. (i) Not 
all series of converging volumes converge to points 
some converge tm lines, and others to areas. An cx 
imple of a series of reas converging to & straight 
‘Mustrated below. (It should be noticed that, 
although for umplicity of drawing { have always take 
series Of urmas in my diagrams, the fundamental fact 
sents of rolaswer, and areas need definition, like points 















1 principle is, however, always the same. 
ight lines and areas are all defined as series 





Aion in cert ansigmabe ways from those that define 
‘sraight lines, and dhese ia tury differ je certain atsigo- 
ole ways from those which define areas. Ordinary 
perception gies us eamples of rach ind of series, 
and tbe only diffu io sawer formal logical terran 
these difrencar which we can all vaguely ste and foe, 
‘Ta do this prapesty i, of course, a very hard job, but it 
can be and has been done. Many of these additional 
‘complications arise because Space bas three dimensions, 
‘whilst the series of seal mumbers has only one. Conum. 
Guerely, a5 a mauer af Sintory. moments af Time were 

this way before paint of Space, Time forms 
vensional sere, Tike the real mutsbera, and, 
therefore presenta an easier problem than Space fr this 
method. 

Before going further I want to remove a legiimate 
ground of doubt which will probably be ia she minds 
ff most careful readess to whom the subject Is new. 
Many will say Thue i no coube highly ingeoioss, 
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but are we not merely moving ia a circle? May ot 
the theary be summed up by saying that points are 
those acres of volumes that converge to points? If 30, 
are we not plainly ung the notion of point mn order to 
define it?" This would of cours be a fatal objection 
if it vere well founded, but it = not. The theory may 
roughly be summed sp ia the statcmest that a point 
fa 4 senes of volumes that would cromanly ¢ said 10 
‘owvergt to teat point. The whole question is whetber 
‘the common phrase "converging to the point" really 
involves zefecence to points. I it does the definition 
‘of pomnes is cweular and useless; if it does not there is 
no vicious circle i the theory. Now the exsence of the 
theory Is that it can state the ceaning of such phrases 
as “converging 19 « point” in terms which Involve 
‘athing but volumes and their relations to each other. 
We ace certain series of volumes which we say “con: 
‘verge to 4 polat,” ng.,series of concestne spheres, We 
see other sores of volumes of which we do not say this. 
Here is a perceptible éiference in perceptible objects, 
Thin difference, wich can be seen and fis, must be 
expressible in ters of volumes and their relations to 
cach othec. It cannot realy involve a relation to some- 
{hing that can neither be sees Bor felt, such an & point, 
‘Thus a secies of volumes is said to converge to x point 
simply and solely because of certain relations: which 
hhold between the volumes of the series. Another series 
(of volumes is salé sotto converge to a point simply and 
solely because certain other relations exist between the 
volustes of this senes. These relations, a5 well as thi 

terms, are perceptible, and this ss bow we come to 
distinguish two such senex It osly remaing ta state 
the diflceaces of relation, which can thus be seen and 
felt in definite teres that can be grasped by the inteiect. 
‘This the present theory does. For example, « series 
af confocal conicoids could be deSned a5 one whose 
‘members cat each ather at right.angies ; = definition 
whlch makes no mention of cele common. focss, but 
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simply mentions x relation which the members of the 
series have to each othec. There is thus no circularity 
in the deGnition of points by this method. 

‘The method which we have beca sketching, by which 
‘he accuzate concepts of science are defined in tecma 
‘of perceptible objects and their perceptible relations, ix 
called by Whitehead the Princfie of Eciosrot Abstras~ 
ton. Our next quesion is. Do polats, lines, ete, a3 
defined by Extensive Abstraction, fulfil the conditions 
that we laid down for thee at the begizning? The 
first was that they must have to each uther the sort 
cof relations that points, ete, aze said to have to each 
other im geometry. For instance, two points must 
Aefine unique ration with certain logical properties, 
vin the straight Tie that joins them, Tntersecting 
straight lines must define planes, and 20 on. Points, 
straight lines, and planes, defined as ubove, do in fact 
have relations of this kind to each othec. The detailed 
roof of this must here be taken on trast, but 1 shall 
tale one example to wodicate roughly the way in which 
these results come about. Take two diflerent series 
of concantric spheres, one in one place and the otber in 
another. Choose any sphere ost of ove set and any 
sphere out of another. There will be certain crude 
perceptible relation tetwoeu them. For instance, ay 
Shown in the diagram below, there will be» volume 














hich connects and contains both of thect, which does 
‘ot wholly contain any palr of larger spheres in the eo 
reg, but more than contains any peir of smaller saeres 
ithe owo scricm 
Let ut call tis the concning volume of the selected 
pale. As we take azaller and smallec pairs of spheres 
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from the own series it is easy to soe that the core 
sponding containing volumes form x series of Chinese 
‘boxes of the usual find. Now this series of containiog, 
volumes is obviously of the sort that defines a straight 
Fine. Our two. series of spberes are of the sort that 
dcfine pointe; the points that they define aze what we 
commonly call the centres of the two sysems. And 
Wis eaty to see roughly that the line defined by che 
seriea of containing volumes is what we call the line 
Joining the two centres. Of course, for accurate mathe- 
Tatil treatment, any more refinements are needed ; 
‘but T hope that the example will suffice 10 show in a 
rough way how points, as defined by us, determine 
strayght nes, 13 deGined by us. 

‘The secocd condition which points bad to fulfil was 
that it must be possible to give « clear meaning to the 
_satereat that finite volumes and areas can be completely 
scalysed into sets of points, Now we can see at once 
that, whafener a point may be, it ip cermin that it cannot 
be part of a volume in the sense in which a licle volume 
can be part of « bigger one. The las iy the fanda- 
imental relation ; it halds only berwero finite volumes, 
and it ia perceptible. In this amase points, bowever 
defined, could not be parts of volumes, Dinde x 
volume at long az you ike and you will get nothing 
but smaller volumes. Put points together as much ay 
yaw Tike (if this permission conveys anything to yoo)and 
‘you will not get any volume, however small. 1a fact the 
‘whole notion of "putting tagether™ points Ia ahsond, 
far it tren t> apply to poiats a relation which can only 
Dold between volures or areas. To put together means 
to place 20 that the edges touch and a point, having 
no.area or volume, has no edges. We see then tha, 
whatever definition we give of poiots, we must pot 
expect them to be pacts of volumes fa the plaic stsaight- 
forwart sense ia which the Great Court iz part of the 
college buildings of Trinity. It is therefore no special 
objection to osr definition of poinss thet point, as 
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Eetined by ux, could not be parts of volumes ia the 
plain straightforward sess. 

‘The sense i which © poiot # ls contained in a 
volume © is roughly the following. We say that » is 
coatained in i, afer u ceri : 

‘olame has bean reached fn the 

dedien that defines py all ube 
‘quent volumes in thin sean 
are pars, in the plain stright 
forward sense, ofthe volume. The diagram ustrtes 
this definition. 

“The sense in which any volume can be exhaustively 
analyzed Toto polats is roughly the following: Any 
pair of volumes of which both are costaleed in v, but 
of which neither is wholly contained inthe other, belong, 
to seriea which define diferent points, both of which are 
contained ia inthe sense just defined. Of course both 
hese definitions need further refinements to cover all 
cases that cam are, 

‘Now what precsnly has been accomplished by all 
hia? We have shown the exact conpexion between 
what ‘asd do peresive, but cannot deal with 
‘mathematically, and what we can and do dual with 

schematically, but cannot perceive. Wa peroel 
volumes and suclaces, and we perceive cern relator 
between thom, vin, that they istemect, oF that one it 
contained in the other, or that they are separated and 
both coatained in some third volume or surface We 
do not percelve the points without volume and the lines 
‘thou: breadth, (a terms of which geometry and physics 
are stated and sored out. On the one hand, we cancot 
make geometry ineo a deductive science at all except 
fn tarma of poicts, et On the etber hand, we want 
to be able 10 apply geometry to the actual world, and 
Not to treat it n'a mero suthemascal airy tle. “Ue is 
cssential therefore tha: the connexion between what we 
peresive, but cannot dicectly reat mathematcaly, and 
‘what we cannce perceive, bat can Seat masbersaticaly, 
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should be made clear. This is what we have tied to 
do, following the method of Extensive Abstraction laid 
own and worked ost by Whitehead. 

It seems to me that the more we refect the more 
cleazly we see that something ke the course that we 
Ineveflloved is neceasary if the application of geometry 
{and also of rational mechanics) {2 the real world In (0 
‘be justified. “Toe word of pure mathematica with its 
points, stright mes, and planes, ks particles, antants, 
Ind momeatary confgeations, hus an appearance of 
Unnarara) smoliness and Udinese, as compared with 
{he rough complenity of the pereepuble world, Yet 
the laws of geometry ard mechanics came out of the 
study of that world, and return to i in the form of 
{Applied mathematics. What I ave tried to do is 20 
show in rough outhne how the two are copnected, in 
the hope that she rmadar may be encauraged ta congult 
thas ongioal authonties to learn how the same mathod 
‘stablahes the connexion in che minutes details. 

1 think that possibly two dffculses may sl emnain 
fia the eeadec't mind, @) He may say: “Men uved 
geometry for thousands of years, and 
[yet they knew nothing of these deSrutions of po 
AMraight Wises, and. planes.” 1 acswer that this ia 
perfecly tue, and that it perfecy ilustaen the 
Aliference between the specal scence and Critical 
Philasophy. Cartizly people weed the concept of 
point and saight King, and sed them correctly a the 
eauit show. But squally certaily they had the mowt 
confused ideas as 19 what they meant by poinis and 
straight lines, and could sot bave explained why a 
geometry sated in terms of these aod thei relations 
Trovld apply 40 accurately wo woe in which nothing 
ofthe ind was pereepible. It isthe business of Crscal 
Philosophy not to rest costeat with the succemsful use 
of such concepts, but to dumntangle their meaning and 
thas determine the Emits wichin which they oan safely 
‘be employed. 
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(ii) The second question that may be asked is: “Do 
points, strmght finns, etc, really exst in the same sense 
‘as valumes, oF are they merely convenient and perhaps 
ispenmble Scions?" This seems w me to be 
‘an important point, on which even authorities He 
‘Me Russel! oftea speak wuh a strangely uncertain 
vwoice. (Probably Mr Russell calls ceram things, 
which ho thinks can be defined is this land of way, 
"Bctions,” from the same motives ax led Mr Pope, 
according ta Dr Johnson, to wnte the lmes:— 











“Lat modan Foeren, fhe wi eve 
“Tex metempahtane opengl") 


‘The sight answer tn the question appears to me (0 be 
the following : Points etc, ax deficed by ws, are not 
Sexions they are not made by ou winds, but discovered 
toy thers, just as America was discovered, aod et 
created, by Columbus's voyage. On the other ha 
they do not exist in precisely the same sense in which 
fate volumes exist." They are real in ther own kind 
‘but i is different kind from that of volumes. It 
fhrough no mere accidenta limutatio of our senses thal 
wwe cannot perceive the points and sraight lines ofthe 
fgoomecre, whilst we can see and feel volumes, Only 
Farculars can be peretivd by the senses; and pots 
fre ot particulars.” They are clagpes of vers of 
volumes, ‘of, 10 be more aocuret, are the topical 
srums of such classes. The volumes and the seria 
af volumes that defice points exit quite Werlly, 
‘and the earlier and bigger terms of these series can be 
perceived. The points themaelves are zather compli- 

exist in the 

















antewars. 

Perhaps aa ilustraboa from aecther region will 
anake their mode of being clearer wo some people. The 
carve called a cpdeed in (raced aut by = poist on the 
Sireumferenee of a ciccle when the later rolls along a 
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traight line. Now the arches of Westminster Bridge 
‘are cycloidal, and can therefore be regarded 28 due 10 
the rolling of a certain cirele on a certain straight line, 
Now suppote we were asked whether this circle actually 
xin or is a mere fiction. In one sense T answer that 
le does net exist. So far as 1 know, no physical rircle 
‘actually rolled at come date in the world's history 
02 « physical straightedge so produce the arches of 
Westminster Brdge. On the other hand, che vise! 
‘ot a mere fiction. The eyctaidal arches really do ex 
and the circle corresponding t them ss complete 
erermined by the shape und size of thase arches, Thi 
eonnexion is u real face, absolutely independent of our 
‘minds and their operations. 1 therefore say that the 
carci exists in the sense that itis a determinate function 
of the arches, which exist in the ordinary sense Points, 
atraight lines, etc., as defined by om, exst ia the same 
sense a8 the circle determined by the arches of Weat- 
minster Dridge : the paniculas series of volumes which 
define points exist in the sume sense ag the arches 
themselves, 

Addivonal works that may be consulted with 
profit: 

AN Wurzrwracy Promos af Natural Kater, Pat 13 

nn Cowen of Mater, Cap TY 
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‘The General Problam of Time aaé Change 


We have now said as much about Space as can be 
anid with profit before ite relations to Time and Matter 
have been dealt with. We have shown at least how 
the concepts, such as points, lines, planes, elc., which 
Fe needed, whatever view we finally take of Space, 
‘are connected with the rough, untidy facts that we 
can perceive. We have nol, however, explained why 
there is supposed to be one single Space an which 
all the events of nature are located, nor how things 
Ihave places aztigned to them init. ‘This ean only be 
dooe at a later stage. [2 the meanwhile [ propose 10 
treat the concepts of Time and Change, as they appear 
the same level of thought. 

At first sight the problems of Time look very much 
like those of Space, except that the staple dimension 
cf Time, as compared with the three vf Space, seems ta 
promise greater simplicity. We zhall point out these 
analogies at the beginning ; but we shall find that they 
‘are somewhat superficial, and that Time and Change 
arsextremely dificult subjects 19 which spatial analogies 
Irelp us but i 

"The physicat conceives Time in much the name way 
she concmves Space. Just as he dusinguiahes Space 























evens. Agai 
‘upposed to bave no physical consequences. It is tue 
that, {£1 go out without my overcoat at 2 2.u., I sball 
probably catch cold; while, If 1 do so at x rat, T 
‘hall probably take no harm. But this dierenoe’ It 
ever ascribed to the mere dierence in date, but to 
the Get thar diffreat cooditions of temperstare and 
slampnes willbe contemporary with my (a expeditions 
‘Agala, Time, like Space, is suppased to be continuous, 
and physicits suppose (or did 0 until quite intely) tat 
thece ia single Sme-series in which all che events of 
ature take place. This series ia of one dimension, 20 
that, a8 far as appears at preset, Tr 

simple Space consisting of s single straight line. 

Just awe treat our geometry in terms of unextended. 
points and their relations, so we treat our chronometry 
{n terms of mozsents without duration and dhar celanony 
Durauon in Tlie corresponds to extension is Spnoe. 
Now, just as we never pereeive points or even unex 
‘waded. particles, so we are never aware of coments oF 
of momentary events. What we are amare of it Gite 
‘events of various durations. By an-eveat Lam going, 
to mean anything that endures at all, no matter bow 
Yong it lasts or whether it be qualitauvely alike or 
qualitatively diferent at adjacent stages in its history. 
‘This ia contrary to common usage, but comsce uoage 
jhas othing to rocommend it in this matter. We 
‘urually call a fash of fighaing ox a motor accident 
‘an eveat, and refuse to apply this name to the bistary 
of the cliffs at Daver. Now the onty relevant diGerance 
‘oerweea the Gash wed the cliff is that the former lasts 
far a short time aud the lanar for a loog time. And 
the only relevant diferenca between the accident and 
the oils is chat, if successive slices, each af one second 
Jong, be cut in the histories of both, tbe contents of & 
pale of adjaccat slices may be very different in the fk 
‘ave and will be very similar ia the second case. Such 
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merely quantitative diGereces as these give no good 
ground for calling one bit of Sistory an event and 
Fehalag to call auather bt of history by the same name. 
"Now the temporal relatioas whic: we perceive among, 
events afe siallar o the relations of partial or complete 
‘overlapping which we can perceive in the case of twa 
‘extended objects, like a pair of sucks. The possible 
time-relations between two eventa can be completely 
represented by taking a ingle straight Fine, li 
‘lefttoreight” on thie sand for “earlier and lala,” 
and aking two seiches on this tine to represest a 
of Gatte events. Let AB and CD be two eveots 
‘Otwhich the inter lets the longer j then the possible 
temporal relations between the ewe wre sepreicnted by 
‘the nine Sguves given below. 

















‘The mast genecal kinds of relation between Sri 
events ace those of partial precedence and partial 
subsequence ; the rest can be defied in terms of these, 








perceptible relations the concepts of momentary events, 
and moments caz be obtained, and their exact relations 
determined, by the Method of Extensire Abstraction, 





fe that, ax 4 matter of history, one of the fit 
ications of the method was made by 
De Norbert Wiener to this very problem, 

‘he motives that land us to apply Extensive 
Abstraction to Time are the same a5 those which lead 
‘us to apply it to Space. As sclentists our main interest 
4s to discover lawe consecting events of ove kind with 
events of other kinds at different timex Now, just 
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asthe geometrical celations of finite volumes, as such, 
‘are of unmanageable complexity, 0 are the causal 
ruistions of events of Saito dumtion, Thare is 20 
simple relation berween the contents of one hour and 
‘the contests of another. But the shorter we make 
four events the simpler become the relations between 
tham. So, Gnally, we site our laws in terms uf 20- 
walled "momentary events” and their exact rela 

sand se “analyse” fsite events into gets of momentary 
cana, and explain cheie velatons ia terms of thoge of 
their momentary “parts Everything that has boa 
‘aid cf this procedure in geometry applies, meutatis 
mudondis, to itn use in physics. Momentary “events” 
tre sot veally events, any sore than points are little 
‘volumes. A momentary evest is not * part of" a finite 
fone in the plain straightforward sense 1 which the 
event of a atlnute is part of the event that occupies 
‘certain hour. The meanings of all these concept, 
‘and thelr relations, Bave to be given in terme of 
‘perceptible entiues and sir relations, by sans of 
tensive Abstraction. 

‘What wa have beea saying in mast excellently 
itlustrated by the science of Mechanics. What we 
want ta deal with there in the movements of finite 
bodies, tike wheels and planets; and we want to trent 
thei changes of position and motion over Jong penods 
of time, Te do this we have first to analyse the fini 
‘bodies into uoextanded particles, amd then 10 analyae 























the Gnite eventa into momeciary ones. The laws of 
Mechanica are only simple when they sate relations 
‘between momentary configurations of ane set of par 
ticles and a later of eartier configuration of the same 
for another set of particles. The gap bewween the 
perceptible facts, that we are trying to describe, and 
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‘ind of geometry of events, which Das to take apcouns 
of both thele apatial and their tempocal charactcitin, 
Geometry in the kind of mechanics which cexulta when 
‘we confize ourselves to single moment and omit the 
teenporal characteristics of events. These are of courte, 
only rough general statements} Dut they ate perbape 
itlumicading, and they will be more fully explained 
taser, 

‘Sa far, the anulogy between Time and Space bas 
seemed to work vory well, Duration has corresponded 
2 length, before and afer wo nght and lefy and 
Aimultaneny to complete mutaal averlapping. But, if 
tee reflect 3 Tile ssove carefully, we sul sre Ut the 
analogy between before and sfer nd right and eR 
4s not a0 iueninating us it seem at firs night. The 
peculiarity of «series of events Ia Time Ia that it bas 
Net oaly an iatansic order but also aa intrinsic sens, 
‘Taree polats on a straight tine have an intrinsic order, 

B ia between A and C, or © i between B and 
‘A. between Cand B. "Tris order is independent 
of any tacit reference to something traversing the ine 
in a cermia direction. By diference of yense T mens 
the sort of difference which there 15 between, ay, 
‘ABC and CBA, Now the poists on 
‘do not have an incrintic sense. A sense 1 only 
assigned co them by correlation withthe Set and right 
hands of ax imaginary observer, ot by thinking of a 
moving body waversiog the twee In such a way that 
its presence at A is earlier than its presence at B, 
fand the later it eazler than i presence at C. Ia 
fact, if we want a spatial acalogy to Time, x is not 
enough to use a stright line; we cord w straight In 
Sith Seed sense, fe. the sort of thing whuch ve 
Seeually represent by a ise wih am arrowhead on Ie 
Now the points on staight lines donot have any 
intrinsie seoar, and sy the meaning of the azrow-head 
is only supphed by reference to something wich is at 
‘one point Aone it gets to unother. Taus to attempt 
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to wndermand before and after by asalogy with 
directed fine is is the end cirear, since the Tine only 
(get i sease theough tacit correlation with a series 
events in Tine. 

‘Now the intrinsic sense of a series of events in Time 
in eneatially bound up with the distinction between 
‘pant, present, and future. A precedes B because A is 
past wheo B is preseat. We may bexin by asking 
Theker there is any spatial axalogy to the distinction 
cof pau, peeseat, and feture. We shall Gnd chat there 

‘but that once more its not ultimately useful, becnose 

alves a refecence to these very temporal character 
intion oo which it is throw fight. The 
‘obvious analogy to Now ia Time in Here in Spare. 

‘Here is primacily the same of a cerisin region in 
the cossinsnm of possible positions that one's body 
can take up. When Hor is and as a predicat, 23 
‘when T say, "So and so is bere," I meaz that 30 and 
$0 wickin a region whose boundaries T cax reach 
swith fide or na walking. The pecsliadty of Haw is 
its peculiar kind of ambiguity. Her, an used by ce, 
ja understood to describe  difcrest region trom that 
‘which ia described by the same word, as uscd by you. 
‘As wed by me, iL means “near me"; as used by you 
ie'means ‘neat you.” It in thus © word which his x 
partally dufeent meaniog ax osed by every diferent 
Dbaerver, simply because an essential pact of i cm 
Ing is & celation to the particular observer who iv 
wing it 

We must notice, however, that Hore has second 
asabigutty. It not only bas & diffrent owaning as 
used by you and by me at the same tie, it also bas 

diferent meaning as used by ether of us at diferent 
imes. By Here I always sean that region which is 
fear me at the time of speaking. Tais diference of 
meaning tt two moments aced not betray itself by a 
difference of application, dhough it often does. Tf T 
sand atl) for five minutes the region which 1 call 
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Hire 1 toe ead of the time will be the same ax that 






which I called Here at the beginning: but if T have 
moved, the diftrence is meaning will also be sccom- 
panied by 1 difference ia application. 


‘Wo can, of course, extract a general meaning of 
‘<tyeroness” 5 it means “"oearness to a0 obverver who 
sea dhe word Hers atthe dime wban he uses F.") But 
‘bvloualy Here Is x descriptive phrase with a double 
[ambiguity ance it refers Both to s cerain person and 
tos cerais date ix his hisary, and does not become 
dente el dhese two Blanks have boon Bled in by the 
context 

1 i evideot then that Hore ia ot guing to elp ux 
to daderstand Mow, slace it contalas an estat refer- 
tence to Now. We must therefore treat gas present 
‘td Futuce on theic own accoust, without expecting any 
help from spatial analogies. Now, the present does 
have a spatematic ambiguity auch’ 33 we noticed jn 
Her, Whether it contains an essential reference to 
the particular observer who uses it ( will not now 
discuss, The traditional view is chat it iv neutral as 
between various observers, but we shall Inter vee reason 
to doube ths. However this may be, it ia carain 
arsbiguous iq another venve Every place to which 

abneree's Body can go is = penal Here. tha 
lane way cvery vent sther iy bas been or will be 
‘Now, on the ordiaary view, provided it be short enough 
‘otal Tato what paychotogista ca a Spm Preset. 

‘We ace naturally tempied to regard the hinory of 
the world at exiting eternally ia cerain onder of 
events. Along iis dod ina xed dicecton, we imagine 
the characteristic of presentnem az moving, somewhat 
Tie the apor of hight from 1 polcemas’s bullseye 
traversing the fronts of the houses im street. What 

the present, what has been illuminated 

the gaat and what has not yet Been ilaminated 
the future.” “The Sct that the spoe is of finite area 
express the fac that the Specious Present is oot a 
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mere point mt Is of finite, though short, duration. 
‘Such analogies may be useful for some purposes, but 
ik ia clear that they explain nothing. On this view 
the series of events hax a2 intrinsic onder, bat no 
Intrinsic aenan. It gains « seose, and we become able 
to talle of one event as earlier thas another, and not 
merely of one event as betwees two others, because the 
icibute of presentness sweet along, the series ina 
xed direction, But, in the first place, the lightiog of 
he characteristic of presenterss now on one event 
land sow om another is itsclf an event, and. ought 
Therefore to be itelf a part of the series of events, and 
rot simply samething that fappeos t che later from 
‘outside. Again. if events have no intrinsic sense but 
‘only an untrasic order, what meaning can we give to 
the ausertion that the cbaraccerinie of ‘presentness 
teavernca the series of events 1m a fzed dirreaen? All 
‘hat we can mean is that this characteristic in present at 
B ches it is fast at A. Thus ail the problems which 
the policeman's bullseye analogy was invented to 
solve ace simply taken out of other eveots to be heaped 
tm that particular serita of events which is the mave- 
sant ofthe ball'-eye. 

‘The difficulties that we have found ic thin particular 
Analogy are of very wide range. For instance, iti 
extremely tempting to try to resolve the dlerence 
‘betwers past, present, and fotere isto diferences in 
the cogaitive relations of our minds to different events 
in a series which has ictnnsic onder bet no intrinsic 
sense. Let us cnafine ourselves, for the sake of 
pliity, to events that fall within the knowledge cf = 
certain observer O. Undoubtedly O has a diferent 

ind of cognitive relation to those events aehich he 
calls present (com that which be hes to thove which 
he cals past aad to those whleh be calls fetare. About 
Future events be can anly guess or make inferences by 
analogy with the past. Some present events he can 
firecdly perecive with his senees. Some past events 
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hhe knows by direct mamory, which it quite a diferent 
‘kind of experience from sense-perception. It is tempt 
ing (© suppose thar these are cot simply interesting 
facts abpst past, presest, and future, but are what we 
‘maan by these three temporal distinctions. Can such 
‘a theory be made to work? 

‘Clearly we cannot simply define an event as present 
foc © 1f © can perceive or if itis comemporary with 
someching that O ean perceive. For we shall then 
have to define an event as past for © if O cannot per 
‘ceive it but caz either remember it or remember some- 
thing contemporary with ic. Now, of course, every 
fevest that falla withis O's knowledge has these two 
incompatible relations to O; though, as we put x, wt 
thas them at dllarent times. He can frst perceive, 
bbut not remember the event, and can then. remember 
bbut not perceive it. Hence these cognitive character- 
‘tics do not suftice to distinguish a past from a present 
evant, since every event that O knows of hag feck these 
ralations to him. If you add that an event always has 
the perceptual relation to © before it has the memory 
relation, you only mean that the event of remembering 
something is presest when the event of perceiving it 
‘is past, and you have simply defined present and past 
for O's objets im terms of present and past for his 
‘cognitive acts. AF you then try to define the latter in 
‘terms of different relations ta O's acto of introspect 
‘you simply start on an infinite regress, in which past 
‘and present remain obstinately undefined at any place 
where you choose 0 stop. 

Tt does not af course follow that past and present 
in. external Nature may not. be reducible to ox 
relations betweca objective events and minds which 
‘observe them? but it does follow that these charsc- 
teristics cannot be analysed away in this manner out 
Of Realty a7 « wehde, which of course includes obaerving 
minds as well ax what they observe. 

‘The difficulty aboxt past, present, snd future 
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general can be summed up in two closely connected 
paradoses. (i) Evecy eveat has all these characteristics, 
land yet diey are Iaconaiseeat with each other. And (1) 
‘quants change ia course of time with cexpect to these 
‘charsctariaic. Now we beliewe ourselves to undar- 
ssuund change in shiagr, but to talk of roentr changing 
‘poems almost unintalligible. The connexion between 
the two paralome is, of course, that we get into the 








‘appear to have locompatible chacacterishes, auch at 
cedneas and greenness, or greatuess and emalincas. AS 
1 rule we remove this apparent inooasistency by paint= 
ing out that the facta bave been stated elliptically, aad 
that really « relation is involved. In the frst example 
wwe say that what haa been omitted is a relation wo two 
ferent times, The full statement is that the thing 
rad ot one time amd green at another, and there is 
0 troonsiatency in this. In the sscond example we 
‘hava no need even to bring in a relation to two diffrvat 
times, It ig enough to point out that the predicates 
Akveat and small themselves tacily assume relations; 
30 that the full statement i thet the thing ip at once 
‘reat x5 compared with one object and small ax com 
pand with another. In one of these two ways we 
always proceed whes we bave to deal with 
coinhersuce of incompatible predicates 
subject, We therafore naturally try one of these 
fexpedients to deal with the fact that every event is 
past present, and foture, and that these predicates are 
incompatibe, 

Te seems oatural and childishly simple to teat the 
problem in the way in which we trested the thing that 
‘was both red and green. We say: "Ol course the 
cgvent H bas futerity for a cermin stretch of time, then 
it han presentoas for a short subsequent stretch, and 
it has pastess at ail other moments” Now the 








TIME AND CHANGE 6 


‘questian at once arises: ‘Can we treat the change of 
‘rvant in reapect 10 ita ferporaf qualities ax just We 





the change af a shige with respect to qualities like red 
‘and grees?” 


‘To answer this question we mast try to see what 





long event, djeoent sections ave 
spatial cootinusty with each other, and predomiaant 
qualitative resecablance to each other. Oa these 
‘grounds the whole long event is treated as the Distory 
‘of a angle thing T. But, although adjacent short 
sections are fredemumamdy abike ia their qualities, there 
sway be adcent secnons which ier very arkedly 
1m some qualiy, such as colour, If you can cut be 
history of the thing im a cenain rosent, aach that a 
slice of sts histury before that is red ané’a slice after 
that (3 green, we say that the thing T han changed 
from red to grees at that moment. To say that a thing 
changes, thus simply means that its bistory can be 
cut up into series of adjacent short slices, and that 
‘wo adyaceat alices tay have quaisative differences. 
Ca we treat the change of an event from funurity, 
‘through presentness, to pastness in the way in which 
wwe have trealed the change of a thing (aay x signal 
lamp) fom red to green? think itis cecain that we 
‘cannot; for two closely connected seasons. [3 the 
rst place, the attempt would be circular, because the 
change of things will be found on further analysis © 
involve the change of events in sespect to their temporal 
characteristics. We have assumed that the bistory 
cof our signal lamp can be analysed into a seres of 
shorter adjacent events, and that ft was troe ofa certain 
‘aie af thre that the saslier was sed and the later 
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green, Bat to any that this series of events passes from 
Carlier to later (which is necemary if we are to dis. 
tinguish between a change fram red to green and a 
cchange from greea to red) simply means that the zed 
sections are pest when the green ones are present and 
‘that the red ones are present when the green onea are 
future. ‘Thus the notion of the history of the lamp a 

bie into a series of sections, following each other 
'2 certain dicection, depends on the fact that each 
(of these sections itself changes from future, through 
present, to past. It would therefore be circular to 
Atierpt to analyse changes in events i the way in 
‘which we have analysed changes iu things, since the 
fatter imply the former. 

‘Apart from this obsection, we cam sec direcly that 
the change of events cannot be treated like the changes 
of things. Let us take « short section of the hinory 
of the lamp, small enough to fall into « Specious 
Present, and such that the light from uve lamp is rtd 
(hroughout the whole of this section. This sbort event 
‘was future, became present, and then became past. If 
‘we try w analyse this chasge in the way in which we 
analysed the change of the lamp from red to green 
‘we shall have to proceed as follows: We shall have 
to divide this red event inta shorter successive sections, 
sand say thatthe latest of these have faturty, the middle 
‘ones preaentness, and the earliest ones pasiness. Now 
this analysis obviously does noe fit the fits. For the 
‘ac in that the soho event was faturo, became present, 

splits up 























terimica ie going t@ account for the change 
temporal attributes of the event as a whole. 

‘We ace then thet che attempt to reconcile the in- 
compauble tempor! qualities of the sme event by 
appealing ta change, in the ordiaary sense of the word, 
as both clecolar and ineffecsive, The circularity becomes 
specially glaring when pet in the following way: The 
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changes of things are changes x Time; but the change 
of avents or of momeats from future, through present, 
(o path isa change of Time. We ena hardly expect (9 
reduce changes of Tiae to changes in Time, since Time 
‘would then need anothe: Time fo change in, and 50 08 
to infty. 

‘We soem, therefore, to be forced beek to the otber 
type af solution, vis, that the predicates, pact, pacenh 
and fume, are of thal very nature selational, hike Jere 
And imal,” Unfortunately we bave aeady bad occasion 
to look at some solutions of this type—the policeasan's 
bullineye and the diferent cogeitive relations —and the 
‘amens are not very favourable. 

if we reflec, we shall notice that there are two quite 

rent senses ia which a9 entity can be sid wo change 
its relational properties. Ae example of the frst it 
‘where Tom Smith, the son of John Smith, become 
taller than is father. An example of the second it 
were Tom Smith ceases to be the Youngest #0n of 
Jobin Smb, and becomes the last won batone. What 
ls the diference between these two cases? In the Sst 
wwe have two partially overlapping life-hiswnen, T aod 
J. Afwe eat up both isto successive short sections we 
find that the exsier sections of T have the relation of 
‘shorter than" to the contemporary sections of Jy 
‘whilst the later sectiocs of T have the relation of 
‘taller than” to the contemporary wectione of J. In 
the second we have quite « dierent state of alts. 
‘When we say that T isthe youngest son of [we meas 
that there 5 no enty in the weavers of which it iz true 
to say bods that w isa son of J and that i is younger 
than T. When we any that T has ceased 19 be the 
youngest son of J we mean thar the universe does 
contain an entity of which it is trze wo say Dosh that 
itis a som of J and that itis younger than T, tr the 
fit cane then, we simply have a diberence of relation 
‘oetmzen different corresponding seutions of two existing 
Jongevenca, [athe Inter the diference is that a certain 
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‘entity has changed its relational properties because 2 
seoand entity, which did not formerty exist (and therm 
‘fore could atund ia a9 celation whatever to T), has begus. 
‘tm exist, and consequemly to stand in certain relations 
to T, who isa member ofthe same universe as it. 
‘Now itis obvious that the change that happens 10 
‘an event when it ceases (0 be present and becomes past 
ike the change of Tom Sczith when he ceases (0 be 
the youngest son of Johs Smith; and the comunuous 
retreat of an event yoia the more and more remote past 
tikr the soccesaive departure of Tam from being the 
baby” of the family, as [ok Suuch (moved by the 
rarest exhortations af the Bushap of London) produces 
more and more children. A Specious Present of mine 
inyust the last thin alice that has joined up to my lie 
history. When it ceases to be present and becomes 
‘past this docs not mean that it has changed ss relations 
fo anything to which it was celated when i was present. 
Te will simply mean that other slices bave been tacked 
(on to my lfechistory, ang, with their existence, relations 
‘have begun Co hold, wick could sot bold before these 
‘slices existed to be terms to dhese relations. To put 
the matter in another way: Wheo an event, which was 
present, becomes past, « does nat change or Jose any 
of the relations which it had before ; it simply acquires 
in addition new celations which it emdd not have before, 
because the terms to which it now has these relations, 
were then simply noa-entities. 
Te will be observed that sue a theory a5 this accepts 
of the present and the past, but holds that 
the fiucure is simply notbiog at all. Nothing has 
happened tothe present by becoming past except that 
freak slices of existence have been added to the tora) 
himory of the world. Tae past is thus as real as the 
preseat. On the other hacd, the essence of a present 
event is, not that it precedes futare events, but that 
there is quite Kieraily seclagg to which it has the relation 
of precedence, The sum toca) of existence is always 
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increasing, and it is this which gives the time-series 8 
aenge an wall ag an order. A moment ¢ is late than 
a moment £ if the sum total of existence at £ inchades 
the sum toa of existence at ¢ together with same 
thlag more. 

‘We art too flable oo treat change from future to 
present af if it were analogous to change from present 
‘to pastor from the lesa to the mare remote past. This 

Thelieve, a profound mistake. 1 think that we must 
recognise that the ward “change” is used in three 
dirdioct seases, of which the third in the most funda- 














‘things, at where the signal lazip changes from red 10 
‘green j (i) Change in eveats with respect to pastes, 


Aas where a certain event ceases to be presen 
into the more aod more remote past; and (ii) Change 
from future to present. I have already giveo an analy 
of the first two kinds of change. Its clear that they 
both depend on the third kisd. We analysed tbe 
change is colour of the signal lump to mean that x red 
section af ity history was followed by & green section of 
is history. This is soficiest analysis for « past change 
of quality, dealt wich reBectively ic. retrospect. But, 
‘whea we say that the red section precedes the green 
section, we mean that (here was # coment when the 
‘sum total of existence incivded the red event aod did 
not include the greea one, and that there was another 
‘moment at which the sum total of existence cluded all 
that was included atthe fist moment und also dhe green 
eveat Thos x complete scalysis of the qualitative 
changes of things is found to Sovalve the coming into 
sristence of events. 

‘Similarly we have seen that the smcond bind of 
change involves the third. For the change of an evest 
from present 10 past curned out 10 depend on the fact 
the sum tual of existence increases beyond the limits 
‘which it bed when ae given event came inte existence. 

[Let us call the third kind of change Becoming. Tt 
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is now quite evidest that becoming cannat be 
into ei 
both mvolve it. Moreover, we can sce by direct ior 
apesion that becoming i of 40 peelar 4 charac 
is misteading to call it change When we say 
thata tog chest geal, or tetas event hangs 
in pasiness, we are talking of entiies chat exist both 
Defore and afer the moment at which the change takes 
place, But, when an event becomes, it comer ine 
erureuct, and it was not anyubing xt all until it had 
Yecome.’ You cannot say that a (atare event is one 
that succeeds the present; for present event is defined 
49 one that is succeeded by nothiog. We can put tbe 
matter, at choice, in one of twa ways. We can either 
say thay staoe future events are nos-emtties, they cannot 
stand in any relations to anythisg, an€ therefore cannot 
stand in the relation of succession to present events, 
‘Or, conversely, we can aay tha, if future events succeeded 
prevent events, chey would have the contradicwory pro- 
erty ef succceding something that bas 80 aucoenor, 
‘and therefore they cannot be real 
Ie bas tong been recognised that there are (ro 
‘unique and {rreducible, though intimately connected 
types of judgment. The Srst asserts that S iso: exists: 
And 3 called an enistewhol judgment. The second 
asserts that S is $0 and so, oF has such and such 
‘characteristic This may be called a cherarterinng judg 
mest, ‘The connexion between the two ix that a thing 
‘anaot be $0 and so without Jame, and that it cannot be 
ithout being so and 2.* Meinang, with the resources 
of the German tangue at his disposal, coins the con 
venient words Sez and Seiris, Now it seems to me 
‘that we have got to eaogaise athirdequally fundamental 
and irreducible type of judgment, viz., one of the form: 
S becomes or comés into existence. Let us call these 
genet judgments I think that much of the trouble 
‘shout Time and Change comes from out obstinate 
Dh te Sng hr Ceratanhari nd hcebre, 
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ttempts to medce noch judgments to the charactecic 
form. Any judgment can be serdally reduced to this 
fora. 














ly Sis ature" is verbally a judgment 
that ascribes a characteristic to an event S. But, if we 
are right, this must be a mistake; sisce to have a 
haracterinc implies to exist (at any rate in the cate of 
events), and the future does not exist 30 
future. 
‘Before passing on there sx one more verbal ambiguity 
to bg noted. The sate word 1 ix uscd absolutely in 
(he existential judgment ‘"S ity" and as « connective 
tie in the characterising judgment “S is P." Much 
the same is true of the wort becomes, We say "5 
Yecomes,” and we say *S becomes P." The latter 
type of judgarent expresses qualitative change, the 
former expresses coming lato existence. 

‘The relation between existence and becoming (and 
coosequesily between characterisation and becoming) 
in very intimate. Whatever is has become, and the 
sum tolal of the existent is continually augmented by 
Yecoming. There Is no such thing as cearng to exis; 
‘what has become exists henceforth for ever. When we 
fay that something bas ceased 10 envi we only mean 
that it has ceased to be frases; and this only means 
that the sum total of existence has increased since aay 
‘art of the history of the ching became, and that the 
lata additions contain 90 evenis sufficiently alike 10 
and sulfcieatly continuous with the history of the ching 
in question to count ax 2 contisuatioa of it. For com- 
pete accuracy a alight modification ought to be made 
in the statement that “whatever is haa become.” Long 
events do not become bodily, only events shoct enough 
to fall in Specious Presecta become, as wholes. Thus 
the becoming of a Jong event is just the succeaive 
becoming of its shorter sections. We shall have to go 
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‘more fully into the question of Specious Presents at 2 
Antes stage. 

‘We are loft with two problems which we may hope 
dt the previous discussions will belp us to solve. 
(Ie the future, sa long as it is fatare, be literally 
otbing at all, what are we to sey of judgments which 
‘profess to be about the fature? And (lt) Wha, in the 
‘nd, i our aaxwer to the original diffcalty that every 
event x past, presext, and furuze, and thar these 
characteretica are ratusily Incompatible? 

‘Undoubtedly we do comstactly make judgments 
which profess to be about the fature. Weather fore: 
Casts, suutical almanacs, and railway Gmetables, are 
fall of auch judgments. Admittedly no judgment 
‘about the future iz absolutely cerain (with the posaible 
exception of the judgmest that there will always be 
‘events of some kind or other); but this is irrelevant for 
‘our present purpose. No historical judgment about 
the past is absolutely certain elthers and, ia ney case, 
cour question is not whether we can ‘have cert 
knowledge about the future, but is te prior question : 
‘What are we really ‘azting atewe when we profess to 
make judgments about the ftuce, and what éo we marx 
lay the truth of falsity of such judgments? 

‘We cannot attempt to answer these questions till 
wwe have cleared up certain points about whe natore of 
judgmeots in general. First, we must notice that the 
qumstion > "What is a certain judgment abot?" in 
ambiguous It may means “What is the subject or 
subjects of the judgment?” or: “To what fact does the 
judgment refer?" Toe fact to which » judgment refers 
in the fact that renders it trve or false. Itis true, if ie 
fas che peculiar selation of concordance to the fact 
to which it refers; and alse, ifi¢ has the relation of 
Sicordance to this fact Discondance, I think, is a 
positive relation which is izcompatitie with concord- 
since; it is ot the mere absence of concordance. T 
ges Ao reason to suppose that the reference of a 
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jodgment 1 a fact is 2 thd independent relation over 
and above the relations of concordance and discordance, 
Take it to be just ihe disjunction * concordance-or- 
ftiscondance": and 1 suppose that to say that J cefers 10 
F simply means that F isthe fact which either makes | 
‘rue by concording with it or false by discording 
with i 

Now people make many judgments, which have 
nothing to do with the fuure, but ure nevertheless 
‘apparently about obzects which do not, in fact, 
Many Engl 
fave made the } 
thas tommed the milk.” 
course, implica the former. 1 will aasune (in spite 
of Sir Conan Doyle) that Puck does not in fact exist 
‘What ware these men refecting (0, ia our sense of the 
word? To answer this we hare simply to ask: What 
act made their judgments aise? The answer ia that 
at is the negative fact that 20 part of the universe wan 
Characterited by the set of characterises by which 
they described Puck (0 thempelves. Their judgment 
boils down tothe assertion that vame part af tbe cxatent 
in characterised by this et of characteristics, and itis 
flue because it dicords with the negative fact thatthe 
ane in queation characterizes 80 pact of the aniverse 
Naturally they id not know that this was what their 

ne referred toy oF they would not have made it. 
‘Our sense of reference, chere sno zeagon why 
f person who makes x judgment should know what ft 
‘efers to, 

‘Now it would obviously be absurd to may that what 
them mts were talluny about way the negative fact that 
nna part of the usiverse bas the characerntca which 
they ascribe to Puck. Hence we sce the need of dis- 
Singuishing betwees what a judgment refers so and 
that the penion who makes the judemeat ix alking 
about. What they were talking about was a certain 
et of characteristics, viz, those by which they described 
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Puck wo themselves. This may be salied che logical 
subject of their judgment. It ip something real and 
Independent af the judging mind; having the kind of 
reality and independence which ia characteristic of uniy 
‘erate, and cot, of course, that which is charactars 
‘of panieular existent. ‘Thus, although there is n0 
suck being as Puck, people who profess to be judging 
‘bout bim are not judgiog about nothing (for thy are 
Judging about a see of characteration which in ial 
realy though it does not happen 10 characterise any 
particular existent). Nor ace they referring to nothing 
lor they are relercing—though they do not know it— 
Important negative fact about the existent 
Since the aoo~estence of Puck is compatible with 
the fact that the judgaent “Puck exists” ia 
ineligible ataremest about something rea, wa may 
hhope that the non-existence of the fatare may prove 
ta be compatible with the existence and intlligibihty 
fat judgments which profess. to be about the future. 
Up to 2 point the two kinds of judgment can be tented 
in much the atsie way. The judgment which ie grasr 
sancaly abost "Puck" proves to be lepialy about 
he vet of characteristics by which the ansertoe describes 
Puck to himself. Simary the judgment, “To-morrow 
well be wet,” which is grammatically about “to-morrow,” 
is logically about the characteristic of wetness. ‘The 
non-exinesce of to-morrow is therefore consistent 
with the fact thatthe juigenect is about something, 
‘Sui there ia one very important dierence between 
the two Kinds of judgment. Judgmects ln * Puck 
cexiats” are not only abvet something: they also refar 
4b nome fact which makes them tue ot false. This 
ect may be negative, but it is a ceal fact about the 
sesntnt world. If we ak what fact judgments onteasibiy 
About the future refer to, we must answer that there is 
no such fact. If} judge to-day that to-morrow wil) 
be wet, the only Gct which this judgment can refer 
toy ia our sense of the womd, is the fact which renders 
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It truo or false. Now it it obvious that this fact Is 
the wetness or Sneness of tormocrom when to-morrow 
comes To-day, whea I make the judgment, there ix 
sto such fact a8 the wetness of to-morrow and there 
no such fact as the fineness of to-morrow. For these 
(nets can neither of them begin to be tll to-morrow 
begins to be, which does sot happen till to-siorrow 
Yecomes today. Thus judgmeais which profess to be 
about the future donot refer to. any fact, whether 
onitive oF negative, at the time when they are made. 
‘They are therefore at that time neuter true nor fate, 
‘They will become tue or false when there 1s a fact 
for them to refer to: and afer this they will remain 
‘ewe or false, as the case may be, for ever and ever 
1f you choose to define the word adgmeat an such 
sway that nothing 1s to be called a judgment uniexs it 
be either true or false, you must not. of course, count 
judgments” that profess to be about the future 03 
judgments. If you accept the lazer, you must axy that 
he Law of Excluded Middle docs not apply to all 
judgments Hfyou rqect them, you may say thatthe Law 
of Excluded Middie apples ta all genuine sudgments 
Dut you must add that "judgments" whith profess to be 
about the future are not genuine judgments when they 
fare made, but merely enjoy = courtesy Urle by antic- 
pation, like the eldest sons of the higher nobility 
Gunag the Wetime of their lathers. For convenience, 
1 shail continue to speak of dhe as judgment 
‘So fac then, we have determined two facts about 
jvdgments which profehs to be concersed with the 
future. (@) They ‘are abost something, vie, some 
characttriaue or set of characteristics; and (2) they do 
tot refer to any fact at the time when they are made. 
‘This ty clearly not a complete analysis. Two further 
points need to be cleared up. («) If suck judgments 
‘when male do not refer to anything, bow is a that 
if coreain events become, the judgment is verified, and, 
if odber events become, tis refuted? (4) Uf auch judge 
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ments are about characteristics, what precisely is it 
that they assert about these chatacteristca? 

(@) Suppose 1 judge today that to-morrow will be 
we. Nothing that may happen to-mostow will be 
Felovant co this rodgment except the sate of the weather, 
4nd nothing will then make it rue except the wetness 
of the weather. This t true enough, but it does not 
rove that he judgment refers to any fact, in our 
sense of relerence. With any judgment we can tell 
What tind of fact will verily or refute 1 a8 000 at 
wwe know what the judgment 1s about and what Kind 
‘of atverio it makes. But no astout of inspection of 
1 judgmeat itelf will show vs the partuadar fact which 
maken re teue of i¢ is trun and fave if i alan. There 
ig tharelore no inconsisency beween the statement 
hat we can know at once what find of fart woukl 
eriy a judgment abost the future, and the statement 
that such judgments do not refer to any fact when made, 

(0) As regards any judgment we have ta consider 
not only what st is about, but also what 1 asserts 
about its subject or subjects. These two questions are 
fot altogether free from ambiguity, and this ambiguity 
ust be cleared up before we consider the special 
question as to what judgnients that profess co be about 
the fsture assert._{I) There is the confusion between 
wont x judgment is about and what it refers to. This 
wwe have already dealt with. (3) Thece is the distinc: 
tion between what a judgment is osensibiy about and 
what it is realy about If you had asked a peas, 
who said that Puck had sumed the mil, what be was 
talking abost, be would have said that be was tiling 
about a certaia individual tary. Thin is what the 
judgment profemes to be about. What it is really 
about is a certain set of chararterinice. Roughly 
speaking, we may say that what « judgment profearea 
to be About can be determined by “a grammatical 
analysin of the sentence in wbich the judgatent is ex- 
pressed. Although there isabways scoameaian between 
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the grammatical structure of a sentence ani the logical 
structure of a judgment, it is bigh!y dangerous to sup- 
pose that what the sentence is grammatically about 
iS the name of what the judgment is logically about, 
() When these (wo confusions have been set aside 
and we are quite deinitaly dealing with the judgment, 
sand neither with the fa to which it refers nor the 
sentence which expresses it, there wx stil a difficulty ax 
tarbow much isto be included under che head of what 
the juigment ia about and how much i t be inctuded 
under the bead of what the judgment asserts. Take 
Grst a very simple characterising Judgment, ihe “3 
in a prime” What in dhis aboot, and what dors it 
amert? We should all agree that it is at any rae 
boat the member 5 But is m about the charscterintic 
of primeness too? If you say Yes, what is there left 
for it to amen? If you say No, how can you face the 
viously equivalent judgment * Primenegs is a charace 
teristic of 3°? Exactly the sarae bucd of dificulty 
‘rites over a relauozal propanition, like 13 is greater 
than 2.” We abould all at dus tie of day agree chat 
in at least about the cumbers 2 and 3. But is it or 
init not about the relation of greater? 1 think that we 
‘must aay that the former judgment 1s about primeness 
fas much as itis about the sumber 3 and that che 
latter in about the relation af greater as much an 

about the numbers and 2. Really itis a3 mislead 
‘to my that the first asserts primeness an to say that it 
asserts 3 The mucimum that it asserts is the prime- 
nem of 3. Similar remarks apply to the second. If 
‘we fike 10 use the useful word te, which Mz WE. 
Joknaan® has lately introduced into logic, we might say 
that the fest judgmest is about the number 3 and che 
characteristic of primenest, and anseris that they are 
connectad by the chararterising te. The second is 
about the numbers 3 and 2 and the relation grester 
fod asserts that they are connected by the veintions 

Saas 
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tie io the order 5 to 2 But we might equally well 
dininguish diffrent kinds of assertion, and say that 
the frst is about the mombar 3 and the cheracteristic 
‘of primeness, and makes a characterising amterion 
about them. In the cave of the soooad we should 
‘ale of « relating assertion. 

So far we have purposely chose: examples which 
‘sre about timeless objects, like mumbers, Let us now 
(ake the aasies of judgments: ‘Te has ruined," 1 
raining,” and ‘Ic will rain,” which are about events, 
‘and contain an eazential relerence to time. The first 
may be analysed as follaws: “There is an event which 
characterised by raininess, and the sum total of exist. 
nce when the judgment is made includes all and moro 
than all which it includes when thinevent becomes” The 
second may be analysed as follows: “There is an event 
which ia characterised by raininess, aod the sum total of 
axistance is the aasse whess this event becocses and when 
the judgment is made.” Thus judgments about the past 
and the present can be analysed iste judgments which 
involve the four fimbar types of assertioa—the exist- 
catia, the characterising, the genetic, and the relational. 
But the judgment thet it will rain cannot be analysed 
in asimilar way. [¢eannot meas anything that begian 
‘with the satement: “There ir as event,” for the only 
‘events that there are are the events that have become up 
to the time sthen the assertion in mde ; die sum total 
‘of existence does not contain future events. We can 
aly reatate the yudgment in the form: "The sum total 
cof axistence will increase beyond what it ie when the 
juigment is made, and some part of what will become 
‘will be characterised by rauniness.” We cannot then 
ssnulyse oil away, as we can har bere and is now. Every 
juigment that professes 10 be about the future would 
‘Seem then to involve two pecaliar and not further 
aanulysable kinds of assertion. One of these lt about 
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this will characterise some of the eveats which ill 
‘became. If then we ask: What are judgments which 
prafear to be about future events really about? the 
Answer would seem to be that they are about some 
Chacacteisic and about becoming. And iit be aakod: 
‘What do wich Jodgmenta assert? the only answer thal 
can give is that they amert that the sum total of 
‘existence wil increase thongs becoming, and that the 
‘characteristic Ia question will characterise some part of 
‘what will become. These answers are compatible with 
the aoterinence of the future. The only *"conmitur 
ena” of the judgment, wien t is wade, are the 
chaacteriatic— which bas the kind of cealty. which 
tuniveranls possess —and the concept of becomng. 
‘About these the judgment makes certain assertions 
of & quite peculiar and not fardber 
Soracthing called trmerrra is uot a com 
ents which ace gamaatically about * to-morrow,” any 
move tan an individual called Pach is 2 constituent of 
judgments which profess to be about * Puck.” 

have thus tried to show that there ix am extreme 
itecence between judganenta which profes to be about 
future events and dhese which are about past or present 
ceventn. ‘The former, wben made, 60 not reer 10 any- 
thing, aod therefore are not litraly true ar fale 
though itis posible for anyone who understands theit 
messing to see what kind of fact ull cveatusily make 
thom ere or Glas the cave may be. Agar, tr now 
anid Aar teen need not be caben a8 new and ulomate 
types of assertion, But wl be apparently mum be a 
tales, Nevertheless, although the fotore is nothing 
and although jagmests which profess to be about 
future eventa iefer to othing, they are not about 
othing. They ase about some characterinic and 
about becoming ; and, 20 far a5 Ta soe, they make an 
‘unique and not funber anaiyesble tind of assertion 
bout these terms. 

“There are just two points that 1 wast to make before 
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leaving this subject. (#) Of course there are plenty of 
= poll face statements which comlnally involve the 
teristence of future events. We can aay that the Bale 
‘Of Hastings was future to Faward the Confessor. Such 
‘statements oted no specsal analysis. We merely man 
thar the sum total of exinence now Includes the Bale 
1d that when Edward the Confessor’s 
death became it did not inciude this bende, We, who 
live after both events, are dealing with wo parts of the 
cexistent, which can and do stand in various relations 








18) [cia commonly iid that there can be no certain 
knowledge about the fatore, but tht all judgments 
‘which profess to be about it consist of more or less 
probable conjectures made by analogy with the past 
Now we do not always recognise how odd our cerainty 
‘bout this ison the assumption that the future really is 
something that has *fstare existence as the past really 
is something that bas “*past existence.” We have 
Immediate, and not merely ioferential, koowled ge about 
some past events by direct memory. enon mere 
difference ia date betwece the act of rognition and an 
‘event does not necessarily prevent the event from being 
tan object to the act. {f the future exist, and be just 
‘that part of the existent which succeeds the present, it 
As dificult to see why & preset act of cognition might 
not know aa eveat which is later than itself, just a3 
it can kaow some eveats which are earlier than itself 
Why should we not have direct anticipations af some 
ature events, jastas we ave direct memories of coms 
‘past anes, ifthe futare were of the same general nature as 
the past, and simply diered from it by standing in the 
converse temporal relation to the present? Still more, 
‘why should all claims 1 direct knowledge of future 
events be regarded as so wildly pacadoxical? 

“These fer beoome plausible on two theories about 
the future, one of srbich we have rejected, and the other 








‘TIME AND CHANGE 7» 


of which is oue own. Obviously if to be furore just 
marx to be incapable of being direcly cognisnd, direct 
cogaition of future events could be fuled out an a ran- 
tradietion in terms. We have, bowever, examined and 
‘ejected this view of the future, But the impossibility 
of absolutely certain knowiedge about the futsre follows 
‘equally from our theory. We cax be absolutely cerain 
that an event has the characteristic C only if we are 
Aireily acquainted with this event and ean nouce the 
characteristic ia i. Now we can be directly aoquinted 
fonly with somechiag, aot with a mere noc-entity. Ox 
‘Our view we canco® stand in the relation of direct ac 
quainanoe future events, for the sume reason which 
Prevents us from robbing » Highiander of iis breeks, 
‘We can stand inthis relation to present events (en semse- 
awareness) and [0 past events (1 genuine memory), 
Trecause such events are pars of the sum total of 
‘exmteace when the cognition in question takes place. 

{n) The last question that we have to dea! wich as 
the alleged difficulty that every event in past. resent, 
fand futuce that these characierssues are incompatible ; 
avd that there is no way of reconciling them which 
oat Bot either tavolve an infinite regrean, in which 
the sume ditculty recurs at every sage, oF a vKI0Us 
circle This argument bas been used by Dr M'Taggart® 
as a ground for denying the tealny of Tune, It 
certainly the best of ibe arguments which have been 
used for this purpose; since it reslly does tura on 
features which are pecsliae to Time, and nol ike most 
of the others, on diffclues about comtinsaty and twfinity 
which vanish with x mowledge af the relevant mathe: 
matical work oc the subject. Do the results of our 
earlier diseussioas in this chapter belp us 10 remove 
this supposed contradiction? 

Let us take M'Taggan’s example of the death of 
(Queen Anne, as an event which is suppused ¢o combine 
the incompatible characteristics of pastness, preacatans, 

+ Te Garg Tene, iy KS. eat, 
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‘sod fumurty, In the first place, we may say at once 
that, on our view, futurity is mot and never has eee. 
Tiherlly a characteristic of the event which is character- 

‘as the death of Queen Anze. Before Anne died 
them was no suck event as Anse's death, and “nothis 











can have no characteristics, Afer Anne died the sum 
tot of existent reality does contain Anne's death, but this. 
event then has the characterise of pastness. No doubt 
1 ean say “Anne's death wer (ature to Witham III." 





‘Anne; nod that afterwards, ax he mum toad of existence 
tnereased by becoming, it contained both the events 
‘of William's life und the event of Anne's death 

death succeeded Willams life so 3000 as Anne's death 
xis at al, and i suorneds it henesforth for ever 
tot w did’ not succeed x while Witham was ahve, 
because it had not become, was oot anything, and 
herefore could not have any characteristics or stand 
in any relations, Bot 1 might be sand that Am 
Iervelf or Willian 10 might have made the judgment. 
"Queen Anne's death 1 foture™; chat this is toe 
Judgment on thie pars; and that tcxsnot be explained 
in the same way as my ex port facie judgment that 
‘Quees Anne's death wes future. To this ( answer that 
the existence and the truth of Wilkam’s judgment do 
not imply that there ever was an event which has the 
two characterstes of fatutity and of being the death 
of Anoe. When Willam made this jodgroent there 
‘was no evant for u to refer to; for the event which 
sierwards became, and was dhe desth of Anne, bad not 
ten become and ‘was coe amyehing. What Wallan 
did was (@ make 2 pecuber kied of assertion about 
Secoming and about the charseurisuc of being the 
aath of Queen Anne. He asserted that the sus total 
of existroce wosld increase by further Becoming, aod 
‘that some part of what would dbus by added would be 
characerised a5 the domh of his sistevinaw. He 
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‘was neither talking about sor relerring to that particular 
event which did iz fact eventsally become, and which, 
‘whea it became, was in face chareterised as the death 
‘of Anne. For, when he made his judgment, tere war 
No such evant in the whole of reality for bim to tk 
‘bout or to refer to. Thus che frst thing thal we have 
to say with regard to MOTaggan’s argument ia that 
tno event ever does have the characteristic of uturity. 
‘Whea we any that « cern event 13 future, the sentence 
‘whch expresses our judgment is no doubt of the samme 
form an when we say that a cerain book is. green. 
‘Wo are therefore temptrd to tre the former judgment 

ing Judgment, ke the latter; and ta 
suppose that the gcly difference between them is that 
fone asserts the characteristic of "Futurity whilst the 
ther asserts the characteristic of greenness. From 
‘what has gone before we conclude that the former 
judgovent 15. not realy x characterising judgment 
fall and that there is 50 characteristic of "futur. 
Judgments which appeas to charectense events as future 
make 1 peculiar ond of ation about some ordinary 
eharacurtine (e.g. weisers oF fineness); they do oat 
make an ordinary charscterismg assertion about 
certain event and a peculiar kasd of eberactenstic (vin, 
foray") 

Is there anything contradictory in the fact tbat 
Queen Asne’s death has been presest and is now past? 
‘There very well roight be if we had to take the change 
of an event in cespect to the characteristics of present- 
‘tas and pasiness as anslogous to the change of 
sigaal lamp in respect w the characteristics of red 
and grees. Bur we have seen that this cannot be done, 
and that the second kind of change depends on the 
first, When Queen Ance's death becarce, it come 
into relations with ail that had alzeady become, and 
to nothing else, because there was sothing else for it 
ta be related 10, All these relations it retains heace 
forth foe ever. Ag more events become it anquires 
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farther relations, which i id not have, and could fiat 
have had while those events were son-existeat This 
ig all that ever happess to the event in question. 
Suppose we now ani ousselves the question: “Does 
anything that was true of Azne's death when it fire 
became get false of it afterwards, through further 
decomisg? And, if so, does this raise acy logical 
Aificulty?” Here we muse draw a distinction, (1) 
‘All the Felations which Anne's death entered into with 
the sum tolal of realty, as it was when this event first 
‘became, persist eternally for ever afterwards, and are 
‘wholly wnaffected by anything else that may be added 
(08 10 this aum total by further becoming. Hence no 
true proposition xbout these will ever become false, 
‘and no false proposivon abost them will ever become 
true. (2) As lurker events becuse they automatically 
fenter isto various celauons with Anse’s death, which 
thus acquires additions! relations and becomes a cnn- 
stituest inadditional faces Ifeg my Lond Bolingbroke 
swore when he heart of Anne's death, st is clear that 
something subsequently became tree of the death which 
‘was sot (rue of it when st frst became. When Lord 
Bolingbroke had sworn 1t became truc of Queen Anne's 
death that it caused a certain event in Bis lordship's 
life, Aed this was not true of Queex Anne's death 
toaforn Lord Bolingbroke hid heard of it, and had 
‘hereby been caused to swear. Thus something, which 
‘was not true of Quees Anne's death when it became, 
ie aftcrwards rendered trun of st by the becoming of 
Lord Bolingbroke’s oath. 

[Now we are inclined to think that to say that soie- 
thing, which sar ave ous of an event, subsequently 
‘became trur of it, is equivalent to saying that something 
which war false of the event, became true of it. This 
ig T think, a mistake; for ‘“aortrae” is a wider term 
‘dian “‘falee." Suppose we compare the two statemects: 
"he ie not true that Quece Anze’s death caused the 
earthquike at Lisbon,” and: “It is not trve that Queen 
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‘Anse’s death, when it happened, basd caused Lord 
Bolingbroke to swear.” tm the former "not-true" 
equivalest 1 "Glse” For it means thet there is 

2 certain segstive fact (contsiniag bath the death and. 
the earthquake as constituents) which discords with 
the judgment thet the fret caused the seoond. But the 
latter does not meso that at the time of Anne's death 
there was a negative fact, containing Ance’s death and 
Bolingbroke’s oath as constituents, and discording with 
the judgment that the death causes the oath. For, 
‘when Anne's daath became, there was po such entity, 
4 Lord Bolingbroke's oath, and therefore no fact of 
which this ig a constituent. What happens when Lord 
which wan 











thing becames true of Anne's death which was before 
ntither true nae false of is. 

Now 1 do not think that the laws of logic have 
anything to say against this kind of change ; and, if 
they have, so much the worse for the laws of log, 
or It is certainly © fact. What the lawe of identity, 
‘contradiction, and excluced middle, between them assert 
4n that any proposition is either true or false, cannot 
be both, and cannot alter in this respect. They do not 
assert (and, if they do, they mus be amended) that 
‘the mumisr of propositions, is eterzally fixed; they only 
fwmrert that it cannot be dimicished. But it may be 

1 contioually increased hy the process 
which contisually augments the sum toil 
‘off existence and thereby the sam total of positive and 
negative facts. Or, to put it in another way, the laws 

‘apply to a fixed universe of discourse, and we 
can At any moment get 2 Sed universe of discourse 
bay taking the sum total of reality up 10 chet moment. 
‘But the universe of actual fact is coctnually increasing 
through the becoming of fees events; and changes 
{in truth, which are mere increases ia the museber of truths 
through thie cause, ar logically uzobjecsionsble. 
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1 can hardly hope that what 1 have been meying 
about Time asd Change will satisfy most of my readers, 
oF indeed, that it Is moze than a shadow of the uth, 
that, it is admitted that this i dhe bardem knot 
the whole of philosophy. The Dear of Carliste 
judiciously remarks that '* we cannot understand Time, 
tut we shall not understand ic better by talking nonsense 
‘about i.” Inthe hope that I have not darkened counsel 
bby words without understanding, I leave this mam dif. 
ccalt subject, to sotura at a ner stage to the questions 
tf one or many time series, the entanglement of Time 
‘Space, and the placing and dating of events, 
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‘The Traditional Kinessatics, and sts Gradual Modisiea- 
‘loa in the Region of Physica (t) The Absolute 
‘and the Relational Thearies 


We have now dealt with the uuditional concepts of 
Space and Time, and we might turn next either to 
Matter of to Motion. 1 propave to treat the clazeal 
doctrine of Motion before touching the problem of 
Matter. As we all knox, the concept of Motion has 
been the subject of constant discussion by physicisis 
fan mathematicians for cesterien, and in recent years 
tha unin nrtin bas een eeounly mode 
‘to circumstances that have arisen within the 
‘region of Phyaceitacll. The older argument betwees 
‘supporters of Absolute and Relative Motion, and the 
later ones about the Theory of Relativity, are essentially 
Dleces of Critical Philosophy in our sense of the word. 
Thue we may fairly say dit as cegards Motion, 
physicists bave beea their own philosophers, foreed 
to this unwelcome pasition by their owa domestic 
Gidiculies. Now this ip not 20 in the case of Macter. 
The difficulties about Matter, which show the need 
for radica} philosophic criticism of that cocoepl, are 
rat indigenous to Physics itself. They arise in the 
main when we beg 10 take into accoust the way 
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in which we get ta know matter throvgh senantion. 
It isthe apparent conflict betwees what our sexsations 
tell us and what Physics ceaches about matter, com- 
bined with the fact that our sensations are after all 
the oaly altimate source of ail ovr alleged information 
on the subject, which compels us to indulge in 
philosophical The moment we begin thi 
‘rticism we find that ic will lead us very fat afield, and 
‘that we cannot stop Gill we bave profoundly modified 
the tmdikional concepts of Space, Time, and Motion 
too. Now T hope to be able to show that these 
modifications, which aze forced on ux a8 philosophers 
when we begin to deal with the concept of Matter, am 
‘of somewhat the same kind ax thooe which Physicists 
have had to make for purely domestic reasons, 10 thin 
can be shown, even in rough outline, it witl greatly 
arrengtben the case forthe newer views of Space, Tiene, 
Motion, and Matter. There is much in these views 
Which ia at frst sight highly paradorical and upsetting 
to common-sense, vo that tin of sore advancage ever © 
the scientist to koow that they can be justified on wider 
‘grounds than the special needs of his science. On the 
saber hand, it ip always « comfort to the philasopher 
to know that be is not sieply dowémens ix toc, but 
ls working on fines which have been found to teat 
1 useful repults ia some concrete region of scence. 
‘This book ig wriuan primarily for sciemists who 
are interested in philosophy, and secondarily for philo- 
sophiors who are interested in sclencn. It ns therefore 
fhoon my plan to diverge a8 gradually az possible fcom 
the concepts that ase most familiar to scientists. Now, 
(or the reasons given, the philosophic criticism of the 
concept of Mation is more familiar to most scientists 
‘has the ritciam of the concept of Matter. It therefore 
seems right to treat the former before the latter. T 
am going, then, to dow at present with the purely 
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‘of the Theory of Relativity. In spite of many excellent 
Gand more, execrable) popular works which have 
appeared in the last few years, { thiok there 12 still 
room for a restatement of these acguments. To many 
scientific readers they will of course be perfect familiar, 
‘uot it will do no harm to the reader who is primaily = 
plop pet Nim at crane pret 
18 in Phymcs before going further. At a com- 
‘iderably later lage, whes we have seen what mothe 
tions in the traditional concepts of Space and Tune are 
forced on us by our erticiums of the traditional concept 
fof Matier, we ahall return to the present subject, and try 
ta connect the physical with the philosophical doctrines. 
‘We have at leas four geseral kivematic concepts 

to consider, viz., the Absolute Theory of Motion, the 
Relational Theory af Motion, the Special Theory of 
Relativity, and the General Theory of Relativity. This 
ie approximately the duirwe! order ix which these 
‘concepts have arisen. in Physica since the Renaissance. 
‘We must remember, however, that the controversy 
between the Absolute and the Relational Theories of 
‘Motuon had a long history belore ever modem Mechanics 
‘was founded by Galsleo, Descartes, Huyghens, Newton, 
and Leiboiz. ‘This controversy wat inherited by 
‘Mechames, and the opposite sides were upheld by ewo 
auch eminent contemporaries ax Newton asd Leibniz. 
T shall treat the concepts i their histoneal order, putting 
the Absolute Theory before the Relational Theory of 
Motion. But, when the various theories have been 
leacly stated and the prov and cous hove been weighed, 
a further task will confront vs, vis, to try to exhibit 
thair fopwol order and interconnexions I must confess 
that [ave not seen = satisfactory account of this’ point 
in any work on the subject. [¢ ceams commonly to 
‘bc amumed that the Jogical onder has been the same 
fs the historical, and thar the suconssve Kinematic 
concepts have representad a steady development of the 
docwine that motion is purely relative. Vet some of 
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the chief exponents of the General Theory of Relativity, 
which lt the Latest phase of kinematics, use language 
which seems to imply « thoroughly Absolute Theory. 
‘We hear of “kinks” in Space or in Space Time, and 
wwe are told that they modify the wotions of matier, 
fof that matter consins of such “kinks.” Ail this ia 
extremely puzsling alter ove has beea led to believe 
by the same writers that the General Theory of 
Relativity inthe Boal trumph of che Relational Theory 
of Motion, 1 think we shall find chat the logical 
Connexions are not 30 simple as we hsve been told; 
fand it will certnly be useful to do oue best 40 throw 
dome fight on this dim spot. We cannot, however, 
profitably discuss this question until we have aeen what 
(precisely the various theories assert. 

The Absolute ned Relational Thorses of Mobvon, 10 
the last two chapters we have been discussing tbe 
traditional concepts of Spact and Time. Now the 
Kinematic concept which strictly corresponds 10 theoe 
in Ghat of Absolute Motion. In accordance with tbe 
Luxditional concepts of Space, Tame, and Macter, the 
thee are largely independent eatues. The traditions 
wiew does not as a rule go very deeply into the questian 
of their mutual relations, but [think the following, 
would be a fair statemest of what i¢ tacitly atsumes 
(00 this subyect: Time cuuld bave exrsted without Space 
for Matter; Space could not have existed without Tine, 
‘but could have existed without Matter; Matter could 
not have extsted without both Space and Time. Space 
needs Time in order to endure, but the only connexion 
st that all pownes of Space exdure unchanged for ever. 
Maer needs Time in order to endure, aad it needs 
‘Space in order to have place and shape, which are 
feseemtial tit. With Matier there beging the pousibility 
ff Motion ; Mauer need not have moved, but as fact 
it does 50 from time to ume. 

‘The skersutive between the Absolutist and the 
Relationiet Theacy of Time may he Wlusteated a6 follows. 
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‘We say that the Bate of Hastings precedes the Battie 
of Waterloo by 2 certain amount, viz. 749 years The 
two battles are events ic the work!'s history, and the 
‘Absolutist and the Relationist agree that © cerain 
temporal <elation subsiem between them, and that it 
has a certain measure ia term of the usual units, ‘The 
hole question between them as 10 Tire is the fllow- 

3 thia relation simple, direct, and cranalysable, 
connecting the oro events ic question and nothing ele, 
for ix ie a complex compounded out of other relations 
‘which involve other terms in addition tothe two events? 
‘The former alteroative ix taken by the Relasoniat, the 
lute by the Absolutist. On the former view there i 
not something called Time which could exist even 
though there had been x0 events ; Tispe just consiste 
of thm elanons of before aad after among events. Then 
relations have various ougnitades which can be measured 
by comparison with the tecsporal relation between some 
standard gait of events such ws the suerrasive nocupae 
tons of the ancoe position 00 a dial by the hands of m 
suitably standardised clock. 

‘The Atwolutist, on the other band, holds that the 
temporal relations betwees events are not direct and 
uuaanalysable; they are really compounded out of 
relations of two wholly different kinds. On this view 
there is something called Tune which in composed of 
simple entities called moments; acd ats only moments 
hich can strictly be said to be before or afer each 
other. There ia further = certain peculur relation 
‘becween events and moments which is denoted by the 
‘wand ai, 4¢ isa many-one relation, zc, many different 
events can be at the same moment tt no momentary 
‘vent can beat more than one moment. The Absolitint 
oulyses the statement that the Batle of Hastings 
precedes the Battle of Waterloo by 749 years isto 
the three following propositions: (c) Toe Bate of 
Hastings happened at a cermin moment 4. (2) The 
Rane of Waterloo Sappeced at a certain moment f, 
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(2) The moment , eersally precedes the moment 4 
by 749 years. (lam neghcting the fact that both 
hanes ook up a finite tie und therefore didnot Ute. 
Ally happen af two moment. This is nat important for 
the present purpose, aod can quite exsly be dealt with 
(a either theory.) 

Teas important to notice thatthe wadional Absoly= 
iat und the traditional Ralatoniat agree in holding that 
there is something that can be called the dates of the 
{oro iles and something that can be called she nee 
lap between them. Neither of them would wdmit that 
cho aoa pair of evens cauld stand in serert diferent 
temporal ralaons; that, for reuanee, they amght be 
both contemporary and yet one earlier chan the other, 
or nurs Ghat they might precede each otber by seveeal 
iflerent amounts, They agree that there 1 one and 
‘only one tempora| relation. beiween «given. part of 
events, and they oly éifer as to the right analysis of 
thus elation. 1¢33 tmportast to notice thi, because it 
is bere that the Theory of Relasivity dies from both 
sf thom. Fos, as we shall se, this theory denies that 
there fsa single telauon which can be called ste time- 
lagne between a given paic of events. 

‘Now tbat we have got the dufference between the 
Atgolute Theory of Time aad the Relational Theory 
clear we can brely consider the arguments between 
them. "These fall foto twa clases, viz thoxe which 
apply directly to Time and thone which apply o itonly 
Indirectly chrougis the question of Motion, Absolute 
motion implies absolate Time and Space, though ther 
will, of course, be relative motion even if there be 
beolute Tine and Space. The Absolute Theory does 
nat deay relative muon, but simply assets that all 
relative motion is the appearance of abvolute motons, 
‘The arguaents for and. against these theories, which 
depwed on motion, may be reserved for the tomest, 
and we wil now cootider those which apply directly 
Time. 
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‘The main ment of the Relauonal Theory ix that it 
is simpler and keeps closer to the observable fac, We 
can ubseeve events, and if two events fall into dhe same 
specious preseat, oc if one is sensed and the other 
remembered, we can directly observe the temporal 
elation baween them. We cannot perceive moments 
of Time, Noe can we say that they are hypothetical 
catities, like atoms and electrons; which we also canpot 
perceive, We accept the later because there are onetin 
sensible facta whuch we cas explaio with them and can 
‘ot easily explain without them. But, whilst electron 
‘are supposed to be causes with sensible effects, bare 
‘moments are ot supposed to da anything oF to produre 
any effects, sensible or otherwise. 

‘Undoubtedly there is something more than mere 
relations ia Time. We have slreaty ston tat tbe Time 
series has a definite intrinsic sense, and that this arives 
because there Is 4 contincal addition to the gues total 
‘of existence, whilst nothing that bas ever existed ceases 
wo do 50 save in a derivative and analysable sense, 
Bvea though there were eo “change” m the ordinary 
sense of the word, sty if every fresh slice of existence 

ere qualitatively indistinguishable from al its pre- 
ereor thee, wold bee conta) becoming, 
But, 90 long as this absolute feature in Time 
nied, there seems 20 objection to be Relative Theory 
ag such. If it bas to be rejected, it will not be in favour 
of the Absolute Theory but ia favour of something still 




















‘A maiaor objection to the Relational Theory of 
‘as stated in mont mechanics books is that is incom- 
plate. Relativists, as well ax ather people, constantly 
fal in practice of moments and of several events 
appening at the sume moment. For the Abselutist, 
of course, such statements are literal expressions of fact, 
For the Relativist they cannot be 50, since be does not 
Taerally believe in the existence of momenta. It is 
‘therefore bis duty to give a definition of what be means 
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by "moments," whict shall (e) be compatible with bis 
Aeory, and () compatible with the common usage of 
this word by himself and other This duty be inva 
ably abieks. ‘The problem can, however, be solved by 
the Method of Extensive Abstraction Two applications 
Of it will be needed ; (1) co define momentary events 

‘terms of finite events and their relations of partial 
overlapping, and (2) t9 define moments. A moment is 
eventually dafned as. class of comtemporary momentary 
events. Thus the objection uader discussion is not 
ininsic wa the Relative Theory of Time, but only to 
the common preaentmect of it. 

‘Let us cow consider the diffrence between the 
‘Absolute and the Relational theories of Space. This 
is much the same a3 the difference between the twa 
theories of Time, (is, think, ander to accept a 
purely relative theory of Space, because of crrtain 
{dditional comptications which gum up here. Ou the 
Relational Theory spatia! relasions directly comoct bite 
fof enatter, 4g. the. theory ays that Cambridge is 
60 miles N.N-E. of Londoo, and taken thin to be = 

iect relation between the two towns. The Absoluin 
FY would analyse the fect into three propositions, 
vie: (1) London is at a certain porst 4, of Absolute 
Space; (a) Cambridge is at a ceric’ point 4, of 
‘Absolute Space: and (3) fy is 60 wniles N.N.E. of p* 
‘Toe Absolute Theory thus assucres certain entities 
which iay be called geomrica poor, in. widition 10 
rater; spatial celations directly connect these, They 
only Indirectly connect pieces of matter in $0 far as 
these are af the geometrical polets in question. 

[Naw there is an additional complication ia the case 
‘of Space which is aot present with Time. Events 
‘diways have the sme tempocal relations to each other; 
the Battle of Hastings always precedes the Baste of 
‘Waserloo by 749 years when the latter Battle has once 
become But bits of matter move about; consequently 

Yam eighth ta ft 
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‘zatements about He distance fram one bit of matter 
{Danother or about ie relative postion of two Bits af 
imaiter are aaibiguous. A tran travelling from London 
© Edinburgh by the East Coast Route in sometimes 
1 the East of London. and soasetimes to the Wert of 
it, and in constantly a diferese distances from i. Tee 
way in which the Absotutz Theory deals with these 
facta is the following: It holds chat che “points of 
‘Absolute Space have to each other purely geometrical 
‘lations which are molly independent of Time. It 
puts the burden of change on the celation af, which 
Sonneets bats of master with points of Space. What 
ie oayn ia hat af In the present sense in threm-term 
celation which always connects a bit of mater, a 
ieometrical point, nd a woment of Time. ‘The 

implex statement that you can make about the position 
of & it of mater is that ds at such and such a 
Poin at such and such a moment, Another wa} of 
puting ic fs that the presence of a bit of matter at 8 
eometrcal point is an event ad that, Like all events, 
this occupies a certain moment of Absolute Time. The 
elation of being at a poist at x moment it held to 
hhave oortain properties, whuch are just wor memtion- 
ing, (2) Two bits of matter cannot be at the same 
polar ac che same moment, This property expreses 
the icspesetrability of matter. (2) One bit of matter 
ranzot be at two diferent points at the sae moment. 
(The vey alioged exception to this is the Body and Blood 
‘of Christin the Celebration of the Eucharist} (3) one 
bit of matter is at two diferent points at Oro diferent 
moments i must be at x continuous series of iter- 
‘aediate points at Ve intermediate moments. This 
expresses the fact that bite of mater do not suddenly 
leave one place and aferwards tum up at anotber 
‘without following # path from the first to the second. 
(4) Every bit of matter Isat some point oF other at all 
Moments This exprerses the indestructibility of mater 

‘Now all these propositions cerzinly express 
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port alleged facts which are commonly balievad ta 
be roe of matter, and any theory must contain. them 
ia some form. On the Relational Theory of Space 
iz clear that they wil need a great doa! of ris 
terpreasion, since that theory Believes veithar 
(feemetrial pains, cor in moment, fo the teal seuten 
‘of those wocds. It follows that ifthe Relaticnal Theory 
of Space ts to be of the slightest use, it must give 
meanings to all these statements which (0) shall not 
imply the itera! existence of points or moments, and 
(2) shall nevercbel be equivalent in practice 1m 
frese propositions. T need scarey aay that writers of 
imechaaics books, who start by calling their readers that 
Space in relative, never sttempt t recast these state 
iments in terms of their theory, snd never even mention 
‘oF apparently recognise the need of doing so. 

Now this fact, chat thingy move about, at once 
inroduces a diculty inc dhe notion of distance and 
relative position os the Relational Theory. We very 
‘often need to know the distance beeween ooe thing at 
ene momest and another thing at another moment, 
When we ty to measure the velocity of anything It 
in evidently necessary tg know the divtnce between 
ane piece of matier a the time of aarting and ancther 
piece of matter at he time of arrival. “Again, if we 

rod which bas to be taken up and 























that what we directly measure is neither the distance 
between A and B at ¢ (the moment when we bogin 10 
easure) nor the distaoce between A and B at 4, (he 
moment when we onase to measure). If in certain 
eases the measured digtance ig beld to agree with the 
momentary distance this must be a matter of inference, 
sand it will be necessary for the Relational Theory 19 
stata and justify the amomptions made and the conven- 
tions used is drawing these inferences, 

Now the Absolute Taeory can, of course, give a 
perfactly definite meaning 10 the distance between a 
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‘ody ut onc moment and the same or a uiferent body 
sr another moment. What i says is that the distance 
required ia the distance between the pisce where the 
fone body was at the fret moment and the place where 
the other body ia ax the second moment. In ontinary 
file we do coostaatly use this phraseology; but we 
forget that, whilst i has a literal meaning on che 
Absalute Theory, it seeds ta be grom x meaning on 
the Relative Theory. For. on that theary, the primary 
meaning of distance is distance between two bodics at 
the same moment. And, 28 soon an this is seen, we 
see further that the relive theory of Space cannot ‘oe 
‘complete without some criterion of suaulta 
diferent places. This example brings out rathes well 
the characteristic merits and defects of each type of 
thwory. ‘The Absolete Theory does give » definite 
maamany 10 the notion of distance between two bodies 
4 different moments; bet, since we certainly cannot 
perceive points of Absolute Space, it fails to explain 
Thow we ever know that we are measuring distasce in 
the sense defined. On the other hand. the Relational 
‘Theory gives a clear meaning only to the sotion of 
disazce between two bodies at the same moment; and 
this ix not enough (or practical or scientiBe purposes, 
But i does sicle to boding, chat ix to hinge drat we can 
actualy perceive and deal with, 

Ie is prety evident that the Relational Theory 
suflers from cot being thorough encugh, ant aot fully 
recognising its respousibilities It ought to start wh 
‘events, and to take the relation of distance between 
contemporary evrats as fundamental. The notion of 
adies and of the distances between bodles xt 




















aks either Spare ar Time or Matter as something gives. 
‘There is «common matrix out of which the concepts, 
of all three are developed by experience and reflection 
thereon. The Relational Theory needs to define some 
vwonse of Space, which shall atill be celative but shall not 
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tbe mecely momentary. Sconce and common-sense 
require « Space which shall be timeless, 1. the sense 
of enduring unchanged throughout Time: collection 
‘of momentary Spaces is nor eoough. [cis one of the 
iqreat merit of Whitehead to have grasped this point 
The Absolute Theory does ofier us a timeless Space ; 
but, as this cam eeither be perceived nor inferred 
cautally from what is perceptible, it is rathec Wee 
the offer of a gold brick or a Castle m Spain, The 
Relanonal Theory (whatever may be its pretensions) 
only offers us 2 collection of momentary Spaces, 
This has at least two disadvantages: (1) that sricly 
momentary relations between bodies can no. more 
be directly observed than distances between points of 
Absolute Space ; and (2) at mouon becomes, wot 
change of position within a Space, but a movemeet out 
of one momentary Space into another momentary Space. 
‘The Relational Theory can hardly solve these unsettled 
problems witbout raising precisely those questions 
‘which lead on 1 the Specval Theory of Relanvity. 

‘We will now desert the subject of Absolute». 
Relate Space, as such, (or the presest, and coosider 
‘hose arguments on the subject which depend on the 
question of Absolute v. Relative Motion. I: is doubtful 
whether people would ever have worried their heads 
ireatly about Absolute Space and Time, had st uot been 
That there scemed to be very grave dificulties about 
purty ralative motion. The question has realy arian 
twice ia the bistory of moder physics, Seat at the 
foundation of the classical dynames by Galileo and 
Newson, and then again ia connexion’ with elecror 
dynamics in quite sexent years. 

eit usual for scene writers with « tincture of 
philoaophy to tal as if pluie cremon-serse tnbesitat- 
ingly fields motion to be purely reinive, and a2 
fe were only persons debauched by metaphysics who 
believe in absolute motion. This is of course x pro- 
found mistke. Tr i indeed true that the plaio mas 
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does not mean by mation absolute motion ax defined 
lay Newton. But he is perhaps aves more shocked by 
the theory that all motion is purely relative, when once 
the logical consequences of that theory arc explained 
to him. Naturally, the sciemtSe theories both of 
abeotue and of relative motion are highly abstract 
intllecua! analyses of fects which the plain man is 
content t0 see and feeb without analysing, Stl, i 
‘would not be going toa far to say that the analys 
fered ‘by the abzalita theory sees 10 common-sense 
nearer tothe facts than that proposed by the Relationist 
This is hidden uy the very halthenrted and obscure 
vray in which mast Relationiats state their views ip 
practice wis almost as dieut 10 take a consistently 
Telational view about motion as its 10 bear constantly 
in mind the fact that men atthe sntipoden do not have 
thi uncomfortable fcling that we should have if we 
weve hanging head downwards with our feet fixed 10 
the culling. Let us then ty to szate the two theorlet 
leary and todeaw theirlogieal consequences. Absolute 
motion 1s the pasing of a body from one poiat of 
Absolute Space to another. Absolute rest i the 
remaining of a body at a point of Absolute Space. 
Relative motion has the same rooaning on both 
theories; i¢ ss just a change in the relative positions 
ff «wo bodies. The diderence about it Is that the 
‘Relationisa say that all motion simply it « change in 
the spatial relations of oae body to others, whilst the 
‘Absolutits say that there is absolote xx well an zelative 
‘motion and that the two must be hed from 
tach other. On the Absolute Theory all reaive motion 
imple absolute motion, and ie the appearance of it10 
tus, but a knowledge of reiaue mouon does not mice 
to’ determine unambiguously the absolute motions 
involved. Thus, suppose that A and Bare two bodies, 
‘aad that » is the rate at wbich the disteoon between 
them Is increasing. Then w isa solative velocity. The 
‘Abooltist anys that it must be due wo absolute motions 
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Is A or in B ot in both, and that all that we can say 
‘about them ia that cheie difference is equa! to #. 





Bis a perfectly mutual relation : if che distance between 
‘A.and B increases atx certain rate the digaacn between 
B and A ijus face increases at the mame rate. TC then 
motion just means rate of change of distancn between 
‘dies there in 30 sense in saying that A sioves and 1 
stands stil, Suppose now tat } am che body Aad 
that B is the wall of the room. Common-sense ix 
perfectly sure that 1 move and that the wal! stands 
‘ill But for the consistent Relativist this is simply 
nonsense; it is true io precisely the game sense, and 
in the only sense in which be adenits matioa, that the 
wall moves tomants me. Tous common-sense seems 
here to be much more on the side of tbe Absolutist 
than o8 that of the Relstionist. I quite adcits that, 
in particular exse, itis diffcult or impossible wo te 
‘what proportions & particelar relative motion ought to 
bbe divided between the two bodies, but it ix quite 
convinced that in every case there is a genuine meaning 
sn the question * Whar isthe real velocity of each body? 
‘hia queton ax we have sen, has peril nite 
meaning on the Absolute Theory, but itr meaning is 
‘0t obvious on the Relational Theory. 

‘Of course } do not regard this common-sense objec- 
tion 4 at all conctasive, for | think that the Rel 

can make a fairly satistatory answer to it. He wi 
say: You think that certain bodies are absolutely at 
rex and others io motion, ot because there in realy 
anything but relative motion, but because you tacty 
‘assume certain body for relating ai} others to.” ‘This 
body, for the ondinacy man, is the earth. He says 

‘hat the wall is at rest because it does not move relatively 
(m the surlace of the earth; he says that he himself 
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ssoves because be does change his postion with reqpect 
to this body of reticence. It ix very aay to forget 
bout a relation altogether if we always tacitly relate 0 
the same terza in a whole series of judgments. If oar 
common-sense fond replies that when he moves he 
fgets tind, whilst when other things move and be 
FFands wilt he does not get zed, the Relatvist can 
easily deal with this objection. He will aay: ‘Ail 
‘marion is relative, and all relative motions are equally 
sqraine facta but they do not all have the same elects. 
When you and the earth move celatively o each other 
fle ure produced ia your body, but when you ret 
relatively wo the earth acd merely move with respect to 
ther Ohings which are themselves in motion with 
respect to the east, such ax tram-cars, no such effects 
ase produced. “This is jus a law of mature which we 
Ihave 10 recognise." 

'So far the Relationist tas a perfectly good ease. 
Jt ia when we come to deal with mechanics, and 
particularly with roton, dhat hia dificites begin 
fo accumulate, We will deal with rotation fir, 
‘because it can be discussed without any icowiedge of 
the laws of mechanics, and because it fumishrd Newson 
swith one of bis strongest azgarentsia favour of absolute 
rotation. Suppose that you take x pail of water 
fbang it up by a wering, then twit the sting a 11 
of times and Jet it ustwist inelf The pail wi 
ourne, apin rapidly coucd its axis. At firs the water 
‘will aot spin, Dut geadoaly It wii! take up the spinning 
movement of the pall, and eventually the water and 
the pail will be spinaicg as ove rigid Body. Now stop 
‘the pall. The water will go.o7 spinning foc some time 
Wil i ia gradually brougtt to rest by fiction, Now 
what we have to notice is this: At the beglanicg of 
the experimest, iz. whes, in ondinacy language, the 
bucket is apinaing ard the wauer is still at rex, the 
‘water has is maximum velocity of rotation with respect 
tothe pail. And at thia stage the Surface of the water 
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Is quite fat. At the scoond stage of the experinent, 
when, in ordinary language, we should say sbat he 
mater had picked up the speed of rotation of the pail, 
the water las no rate of rosstion wich respect 10 the 
pail, Yee at thia stage the suvtace of the water i 
epressed x thn middle, so that it becomes a pacabaleid 
of revolution. Now we all say chat chia depression i 
due to the rotation of the waler. But, if we confine 
‘ourselves to relative rotation, we sue that the depression 
was ni when the relative rotation was » waximum, and 
that ft was a s8axienumn when the relative rotation To ml 
If we bow pass (0 the next stage of the experiment, 
where in ordinary language, the pail has bees brought 
to reat and the water sul! rotting, we have again a 
maximum rate of relanve rotation, but this ie cow 
ocompanied by a maximum depression in the surfoe 
of the water. Thus there seems wo be no regular con- 
nexion between relative rotation and depression at all: 
for the depression cas be a maximum both when there 
is no relative rotation and when the relative sotation i 
4A maximum, ad the deperasion can be ai! both when 
theres maxiowra relative rotation—as atthe beginning 
nd when there ig 30 selative ratation —as st the 
nd of the experiment. 

“These are the fucis which Sed Newton to hold thet 
we must distinguish betwees absolute and relative 
rotation. The argumest comes to this: Uf we take all 
rweation to be simply and solely dhe rotation of one body 
‘with respect fo another we can Sind no general Inw 
connecting rotation with depression. Yet we are all 
greed that in some sease tbe depremio is due to 
the rotaton, "Newton's suggestion wan that xbrolute 
rotation, and ic nlose, produces physical changes Uke 
the depression ofthe water ia the pall and the fatening, 
of the earth at the poles. Iti tre that we cas observe 
culy the relative roxations of bodien; Dut these are 
ppascances of absolute rotations, and by studying and 
eanuring such physical consequenom as depression 
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and fattening we can ascribe to each of the bodies 1ts 
[Proper amoust of absolute motion. 

Now of course the facts on which Newton besed 
his argument are geouioe and very important. But 
they certainly do not neceasitaue Newton's conclusion, 
although that is no doubt one way of explaining them. 
‘They can equally well be explaised without recourse to 
almoluta motion, Uf we eeflct, we shall see that it is 
logically inn that premises which are wholly 
about bodies, auch as water and pails, and about their 








Space und Absolute Time. By a logical argemest you 
may lear of new relations between the terms that are 
tmentioead ia the premses, bot you cannot pony 
learn about the exinence of ether terms of a. quite 
diferent kind from aay that were mentoned inthe 
premises. So we ca se at once, om purely logical 
fonsideratians, that Newton's argorsent eanot gece 
Siuate a bolef ic abuolutm mouon. What we can 
Jegivimataly argue is that, if there be such things as 
sbuolute Space, Time, and Moton, ita in rotation that 
thay Srut disclose themaelves by producing obvervable 
cas ia matte, and chat by studying these phanomeest 
‘we aay be able i> detect the preseace and measure the 
tmageitade of the absolute motion of each body. 

‘But, a8 T have aud, the Relatonist can interpret the 
pail experimnat in tems of hia theory. IT we refect 
Carelly on the resale of that experiment, we see that 
ft at i ull sin thet ene parneniar relative eoatlon 
4 aot connected by any simple law with the depression 
of the water in the pall. It shows that the zelative 

It dove aot 
4a the leat follow thet ne relative coantion is relevant 
‘At the beginaiog of the experiment the water was at 
reat relasively to the fed stam, at che middle ie was 
‘atting, and at the ead ic was again af reat with respect 
to them. What the Relationist must my is therefore 
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the following: "There m= notblag but celazve rotation, 
and any body that you choose to mention bis at on¢ 
And the same time al sors of diferen: relative rotations; 
for instance, the water at the beginning is rotting with 
expec to the pail and is at rest with respe to the fixed 
sara. Each of these states of motion in equally real 
And there is no incompatibility berweea them, becuse 
hey ure not properties of the waler alone. but are 
lations between it and other things. is no more 
‘Unreasonable to aay tat he water 
sn motion chan i isto aay dhat a 
and s 300 
‘a the gloat of tbe Absolute Theory. But ofall these 
various equally real acd co-existing motions some only 
are connecied by simple Inns with physical changes in 
the water, Relative rotation betwees the water and the 
finad stars causes deprestion of tbe surface of the later 
rintive rotation becwees the water and che walls of the 
pall cuses 1g such depression 3 the water be at rat 
‘with reopect to the fixed aur” This answer of the 
Ralaioniat seems to te ta be poriocdy compatible 
‘with all the facts of the pail expeciment and to be 
‘prclctly consistent with ise, 

Twill cow consider certain objections which bave 
town Brought against this Interpretation ofthe fact 

(0) Te is sooetimes said: Suppone the water stayed 
sri and that dhe Gand stack cotated coud its thin waar 
‘would be moving relasrely to the fixed start. On the 
hove explanation the water ought ta be depreased. 
Ja it reasonable to suppose that the mere rolation of 
the fined stare would bave any eee: on the water in 
the pail? This objection is merely silly and circular 
{e ig based on nn assumption which bas a meaning oa 
the Absolste Theory and 0 meaning at all on the 
Relational Theory. On the Absolute Theory there is 
f sease in distinguishing between the case where tie 
‘water rotates and the stars keep sill and the cage where 
he stare rote and the wate: beeps ail, But he die 
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Linction 12 meaningless onthe Relational Theory, The 
sngumeat in queaton is therefure irelevant us opposed 
to the Relational Theory. It is relly circular, fr is 
promise only has 2 maazing for « wan who has alvady 
‘ested the Relative Theory, and, therefor, it cannot 
fcmsineatly be ised ax ax arguoest agumst this 
teary. 

(2) A steonges objection is the folowing: Even 
it the sky bad always been covered with thick clouds, 
to that the fixed stam bad never been observed, 
‘we could silt have discovered dha: the earth rotates 
Ihave determined its arin, and have meaaured it rate 
of rotation by means of the gyrosiaie compas and 
Boueaul’s peedulem. What iw dat we discover and 
measure {n uch cases «fit be not dhe abvolute rttion 
‘Of the earth? How caa it be the rotnon of che earth 
felative to the fixed stars, winon they do not come into 
the queation at all? T think that tins objection is 
fallacious, but it needa a ite reflection 19 uaswer it 
1 wall take the ase of Fovcaul’s peaduluer, and neglect 
the gyromatic compass, which ie hander to discuss 
swithout mathemuties. Tt will wuice to any dat the 
anwer that T shall give about Foscault’s pendulum, 
{€ valid at all, witapply equally to the gyrodtatic 
compass. 

“Tosmpliy matters we wil suppose that the pensar 
ix hung up at the North Pole aod stacted swing 
Mak a chat mark os the ground where the plane in 
which the peadulum starts swingmg cots the earth. 
‘Aa Saxe goes on you wil God that the peodulim no 
longer swings in this plane ; if you draw another such 
chalk line ie will make ux angie with the fist. In 
fact, che plane will slowly cotate, and the ime of ite 
‘tudo will be twemty-our hours. Lf this experiment 
be dove anywhere lac os the earth, analogous renlis 
will he got. The actual measurements wil depend on 
he fautude, snd it will be found that they are all 
‘connected with cach other and with the latinde by 
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simple law. The fact 0 be noticed in that what bas 
toon meagured in all cases ig = rales rotation between 
the plane of owing of the peadulum and the ex's 
surface, Let us suppose that the sky were always 
covered with thick clouds 40 that the Sed stars could 
never be seen. What people would probably have 
sak would be the followiog: “All pendula slowly 
Fate their planes of maaton with seapect tthe 
tart, and the way in which they do this at dient 
(laces follows 4 aicple law.” 
bbe parey celativn this is preisaly 
‘equivalent to aaying thatthe rarfuce of the earth rotatee 
swith rvopect to the places of winging paodula. [k 
follows that » perfcty clear messing ould have been 
given t0 che roution of te earth on the Relative 
Theory, even if no start bad ever boca obeareed. 
Suppose soe speculative scientint had anid: “There 
may be othec Bodies beyoad those thick clouds; if 0, 
doen the earth rotate at the same cate with respect 10 
them ?" Of course, no answer could bave been given. 
‘Werwho can see the fxed start know that the planes 
{In which peadula swing do sot route with reapect to 
them, and we therefore ikoow that the rotation of the 
cart’ or of any other body with respect 10 the plane 
of swing of # pendulum is the aame as its rotation 
with cexpect to the fined stars. This particular fact 
‘of nature would, of course, have been Whidden from) UH 
if we tad never seen the stars; but otherwise we 
should be in exacly the sume postion as we are in 
now. We can may. "Toe earth rotates at such and 
uch a rate both with respect to tbe Gxed sare and 
wrth respect to the planes of pendale.” Meo win had 
Dever soon the fixed earn could only mae the Inter 
art of this agerion. We know an erie fact which 
they do noe, but shat each of us knows is equally nbout 
relative rtioo. 
(G) Toe thd objection ia one chat ig constantly 
veined up with the ooa that has just been discumed, 
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‘but really is quite diferent from it Te is aid 
there were no fxed stir the earth coud not be rotating 
wih cespect to dies, Now you say that itis rotation 
‘with respect ta the Gxed stare which causes the flatira 
ing of the earth at the poles and the depression of the 
water ina rotating pail. Can you seriously maintain 
that, ifthe Sed stars were anmbilated, te earth would 
‘become perfectly spherical and the water in the pail 
pesfecly fat? You cermisly ought to hold this. For 
Yyou say that the cause of the depression of the water 
sits rotation with respect to the fixed mart. If the 
fixed stars ceased to exist this relative rotation would 
‘0 facto vaniah too. Toe alleged cause of the depres- 
sion baving thus ceased ta exist, we may presume that 
the depression itself would cease too.” 

Before discussing this argumest, 1 want to porst 
‘out its precise connexion with the previous one, and 
the eauso of the frequent confusion between the two. 
‘The preseat argument deala with the physical causation 
‘of such phenowena as the Batiening of the earth at the 
‘poles, and the depression of the water in x spinning 
pail.” Tt points out an implicauon of the Relatioaal 
‘Theory which ita supporters are very liable to forget. 
‘The theory says that the cause of such phenomens i 
‘the rotation of the earth or the pall with respect to 
some other body of bodies. Now, if this is to be 
Nterally true, it would seem that the existence of ome 
‘at last of the assigned bodies of reference cust be an 
‘ersential part of ube cause of the physical phesociena 
in question, Relavonists are inclined to regard the 
fined ars, of whatever fame of reference they say 
Ihappen to use, oa mere axes of referaoce, and in 90 
sense causal factors, The present argusveat Shows 
that this is inconsistent. To square the Relational 
‘Theory with the facts, itis seoeasary to bold thar certain 
relative motions stand out from all others i. producing 
‘observable physical consequences, Now theso out~ 
‘sanding relative motions arc those which bodies have 
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weith respect to cert bies of rutre, such a the Sed 
darn. These pactcalar bi of mater are thus put io 
‘unique position amoog all other bodies.» Marion 
‘vith respect to any one of this particular set of 
‘odes produces pica phenomena; ocherwise similar 
motions with repost w other bodies do not prodace 
Similar physical conseqoences. Thun the existence of 
this privileged set of bodies is a essential factor in 
the production of these parcular physical phenomena, 
and we have 20 rghs to ssppowe that thee. pomen 
‘would cootinae w happen if all the bedi in 
Set were annihilated. (it fs not nceesaaty to suppeae 
tha” the existence of any one member of the se, ng: 
the fixed ary fs eawatial, Whar does seem to be 
teeental is that there shout d be of Zmae one caembec of 
the et, though I is immatzrial wbich partculer one 
itmay be.) Thin is the buss of he present acgument, 
tad the force of it Ie that iin basd to believe that 
the exinence of a ceraun privileged st of bodies ls n 
necessary condition of the flattening of the earth or the 
depression of the water. 

‘Now the previous arguent was not about physical 
caution, bot wan about the meaning of and the 
tvidence for che waterent that the earth romtee Tt 
hggemted that, since we ould know that the earth 
rotates snd measure the rate at which st done 20, even 
{ough we hed ever sam the Seed tary we cannot 
smaam by the stameot that che earth restos singly 
hat it does 99 with rapect to the fixed tare And i 
concluded from thi that, when we tle of dhe rotation 
Of the earth we must mean sbeolate rotation, and that 
‘we mnt be able to detect acd measar it by Obcerrations 
trade on purely terrestrial bodies. Ap we bare eee, 
the poumine of Gin aogemane andl he Sst past of tn 
sonclurion are run, bu 1 Snal conclision docs not 
follow. What we obecrve in these purely tecrestial 
tmperttents is stl relative station, ard what ten wo 
ould sot see Ove Gand stare would coeen when Oey 
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ssid thet the marth revolved, would be that it does #0 
with respect io the plane of a swinging pesdulum. 
We who can observe the fixed stars have found out the 
additional fact that che rotation of the earth with sespect 
to them is the same a5 its rotation with respect 
Pendulum swinging at the North Pole. 

‘The argument, then, are entirely diflcen. Why 
‘is I that they are 40 often mixed up? T tbiok the 
reason in the folowing: Itis thought that, ance you 
‘ould find out the rotation ofthe earth without knowlog 
fnytbing about the Sxed stars, Unerefore the xed start 
canpot be aa essential part of the cause of such 
Pheoomeca ax the fattening of the earth. Thies, 
however, a very bad axgumest. We can find out a 
good deat about the symptoms and treatment of 
Jnduuenaa, though no one bas ever seen an influenza 
era, This does wot prove that these symptoms do 
fiat depand om a germ, oF that they wosld not couse 
lteter ifthe gero were exterminated. 

“Having cleared up the connazions,val ardimaginary, 
between thege two arguments, lt us consider the second 
of ther. Seveca) answer might be male tot. The 
fiat, which was made iy Matb,* seems 10 ae 19 be 
Jogically sound, ‘asd to contaia an izportant trush 
though—an shall polat out later—it does not altogether 
sutinly our physical (astioess. The argument that we 
sre discussing appeals 9 ocr convicion that such 
emote bodies as the Sze) stars cannot really te 
fecental factors in the causeton of purely tmerupziel 
Phenamens like the dauening of the earth and che 
Alepretion of the water in the pail. Now Mach’s 
lantiveris to s07 that this conviction isa mere prejudice, 
‘and %9 point out how this peeodics arose. Mach #073 
at we hare really not the least iden what would 
happen if the xed sara were aonibilated, and that 
Uierefore we bare no cight to suppose that the earth 
‘would still be Gatened and the waler still depressed 

Sew f Maken 
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fier such a cosmic upheaval, Mach’s grounds for 
this amertion scem to me to be sound, They ae 
foliowa: The laws of motion acd ali otber scientic 
lena have been discovered and reriSed in x world 
‘which, a1 a matter of fact, docs contain the fixed sare, 
‘Oue laws do sot make explicit mestion ofthese bodies, 
‘because they have been a constant factor, and are 
assumed to be going to be « constant factor is all 
predictions which we uke by meaat of these laws. 
But, though constant factors need not be mentioned, 
Ie does ‘ot follow that they are casmlly irrlevant, 
We say that gax lights whoo you put « maich t it; 
and we do not as 4 rule mection that air must be 
eeseat, because it practically always is prevent when 
we stile matches and attempt to light yas. Never~ 
theless this constant factor is as relevant asthe mache 
fod the gas, and If we argued that the absence of air 
‘would make no difleresce, we should be wroag. You 
can never sasely assutse that any factor which has been 
present in ll casea under which & law has been veriBed 
is ilevaat to the truth of the Jaw, votil you bave 
‘produced a defsite negative instance io which this factor 
‘Was absent and the law was nevertheless fouod stil 60 
hold. Now we obviously cacoot remove the xed 
stars, spio x bucket, and see whether the waser iy tll 
epcessed in the mide. ‘Therefore we have 90 right 
to feel so sure chat it still would be depressed in the 
‘scl i hee were 20 ed war 

sow point out why this argument, though 
leplly sound ad Sooad ea 08 hapa quae 
priociple, ia liable to lexve us diseatished as physicists 
Mach’s nswer accepts the view that the Battening of 
the marth und the depression of the water depead on 
‘motion relative tothe fim! stars, and chat therefore the 
‘existence of thesn bodies is an emential factor in the 
caution of such phmomana. Now we smart notice 
that, if this be true, a very peouliar kind of physical 
ccaumtion in Istroduond. It i af woch a kind that, if 
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there wee much off the wos, physics andlor 
‘experimental sciences woukd be impossible. 1 
fintameatsl earemption fall cur preci! work that 
the more distant a body is the leas difference it makes 
10 the physical phenomena ix 2 given region. The 
chemist asgumes that practically everything that goes 
fon outside his laborsory, and most thioge that 0 00 
‘outside his tactube, are feelevant to the phenomena 
inside bis tataabe.” We arc, of course, prepared to 
tdmit that posibly everything that happeca anywhere 
has some influence ox everything else, and that the 
more delicate we make our experiments the less we can 
tfford ta treat anything as irrelevant But, unless very 
nt things could oa the whole be sally negiected, 
‘and neglected with greater safety the forthes they are 
sway, all experimental research would be hopeless, 
because no phenomenon woskl be even approximately 
lolable from the rest of the world. I gravitational 
lecrle, and magnetic forces varied dicecly instead of 
inversely with the square of the distance, ther» would 
be shat Mr Mookares very jorly tamed are 
‘nullabatioo or presty heute of fish.” Now Mack 
dinates a ort of pale! cmmnation which le of 
just chia objectionable ind. The fixed stars are the 
‘wost distant bodies that we know of, and yet they are 
tan essential factor in causing the Matieniog of the earth 
and the deprassion of the water, This is why 1 said 
that the implications of Mach’s answer contradicted our 
physical instincts. Of course it is quite possible that 
there our physical instiocza are mere prejudions. may 
wall be that all the knows Jaws of mature, when fully 
oxpressed, invoive two factors, vis., those that we 
acually mention and measure ox the one band, and che 
Several structure of the stellar wniverse on the other. 
‘The latter has kept Girly constant up to the present. 
land 20 we kave come to no harm as yer by neglecting 
‘and confining osrselves entiely to the frst acivr. 

T now turn to second possible answerto the present 
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objection to the Relationat Theory of motion. I am 





fines himself to tbe Gxed stars, argues that it ig only 
rotations with respect ta few that produce physical 
‘consequences on the Relasonal Theory, and therefore 
‘onfron’s the Relationiat with the ooclusion thar the 
txintenon of the fixed stars must be ac exseotil factor 
in the production of these physical phenomena. Mach 
accepts this a8 « fair consequence of the Relational 
‘Theory, ly argues that it is unobjectionable 
for the reasons given above. This seems to me too 
big « concession.” { poiated out that every body has at 
‘one and the aame time many dierent relative sotions, 
all equally real, just as any town has at one and the 
sate time any sumber of different * distances.” There 
1 no klad of contradiction or inconsistency in this unless 
We tacitly smuggle io the idea of absolute motion. 
Now, ifthe avg of Mechanics be trum all the motions 
ofall ther bodies relative to (exy} the fed stars obey 
1 certain set of rules, viz., Newton's laws of motion, 
vr whatever modification of thera may be found to be 
necessary. Suppooe tha: « whole set of bodies By By, 

~ B, obey Newton's laws for all their motions wi 
respect to the fixed stars. Let us salact any body 
‘Out of this vet. Thea the motions of any otber, such, 
aa B,, with respect to Br, could be compounded out of 
the motions of By and Be with respect to the fixed stars. 
But by hypothesis, che motions of both B, and Be with 
respect to the Sed stars obey Newton's laws, Hence 
the mations of B, with respect to Br cust obey laws 
which are serely mathematical transforaations of 
Newton's. Precisely the same remarks apply 20 the 
motions of any of the utber B's with respect to Be. The 
‘standard body Br might be us wild as we like, it might 
bea midge dancing in the sualight; sul if It and ail 
other bodies obey # cerain set af cules for all their 
‘movements with respect wo the fixed stars, all other 
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bodies will obey a set of rales for their movements with 
rmapectto sr. No douts these rules would be of perfectly 
‘we had chosen a midge Instead of 
‘the fixed stars as our body of refereace ; but what docs 
this prove? Onby, so far as J can see, that we should 
probably never have diurvoered that all motions are 
Subject to laws if we bad sot had the fixed stars: 
able as bodies of reference. When we st) 











stars are typical) which obey the inws of Mechasics," 
this is true in one sense and false in another Itt true 
(hat only such motions obey evee approximately the 
simple und famiiarlaws of motion discovered by Gallen 
and Newton, [¢ is not true that motions with respect 
to other bodies obey as laws, or that the awn which 
they obey are incompasibie with or independent of 
Newton's, The laws of suck motions must be juit 
‘mathematical transformations, often of unmanageable 
complexity, of the familiar nd simple laws which 
gover motions with respect to the fied stars. This 
{eems to be a necessary consequence of the two facts 
(@) that all motions with respect to the Sxed star are 
subject to Newton's law, and (8) that the motions of 
‘acy body with respect to amy other can be compounded 
‘out of the motious of both with respect t dhe fixmd 
{Uf this argument be sound, we can now give an 
answer a the present objection tothe Relational Theory, 
‘which sball accept all that i truc in Mach's answer 
and shail not ahock our physical instincts or prejedicon 
‘The objection, { may once more remind the reader, 
was this: If the earth be flatiened and water i 

spianing pal depressed only through rotation with 
reapoct to the fixed stars, then, Uf there were 10 fied 
stars, the earth would not be Gaitesed nor the water 
Gepressed. We can now sez that this consequence 
does. aot really (allow from the Relational Theory of 
Moxon. if you twisted the pall in the abseace of the 
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ined stars there would atll be relative mation between 
itand otter things It ls trae dhat these other relative 
motions would not be conaected with the depression 
fof the water by the same slaple laws which coanect 
‘that depceasion with the rotation of the pail relative wt 
the fixed stare. But the depression would be connected 
with these other relative motions by Jaws which are 
mathematial transformations of these simpler ones. 1 
that tense it would be true to aay that the anni 
ton of the fixed atars would not naetserily make any 
difference 10 the phesomems. On the ather hand, we 
can atill adzsit with Mach that it would not be safe 
to ature that laws which have been discovered and 
vverifed in the presence of the fixed stars would neces- 
sarily continue to hold when such a large and important 
past of the material usiverse as the fixed str hat been, 
annihilaued, The diffrence between our answer and 
Mach’s comes to this: Mach acoupts it as m necessary 
consequence of the Relational Theory that the exist- 
ence of the Gxed stars iv an mmential condition of the 
Phenomena under discovsion ; be then devotes himself 
a showing that we ought not to be surprised at the 
imappennance of thabe phonomens ia the absence of 
the fixed stars, and therefore that this consequence 
of the Relational Theoty is na objection @ it. We 
argue that thie is nat a necesiry consequence of the 
theory, but add that we too sbould not be surprised, 
if laws which had been ascertained in the presence of 
the fixed stars should be found to break dawn afer 50 
‘huge a change ax the anaibiletion of thooe bodven. 
‘The upshot of the discussion seems to me tm be 
that there ia no conclusive objection to the view shat 
all eiotion 4s relative, aod that all argamects which 
Ihave boen produced to show that we must recogzize, and 
can indirectly measure, absolute motion, are fallacio 
This being so 1 think chere are stroog reasons for 
rejecting the Absoluia Theory. After ali, the laws of 
motion are erapieical laws, discovered by observing nod 

















THE TRADITIONAL KINEMATICS 123 


reflecting upon the actual movements of actual bodies. 
Now, all chat we can observe in the way of mation is 
the change in position of oce body with respect to 
others. It were strange indeed. if such observations 
could lead ta fawy abost something which is, from ita 
very sauure, ucobservable, and stranger still if such 
Jama enabled us ta contro! and predict the movements 
off bodies in aature. Atesolute Space, Tinse, and Motion 
Ihave all the appearance of being mathematical device 
and not substantial constituents of nature, and a theory 
fe t0 be preferred which ceduocs auch mathematical 
menffolding to 2 minimum, provided of course that it 
adequate to all the facts with which w profesnes to deal. 
1 think that mathomaticians acd writers on dynamics 
Ihave been justified in rejecung che Relational Theory 1a 
‘the forms under which it has been commonly presented 
a the past; but I thiok that this in because it has 
‘been badly acd inadequately stated, and not because 
Ae Is impossible to make ic ft all the facts, 

This 19 about as far ax we can go when we confine 
the discussion to ondinary mechanical phenomena, But 
the whole question arose agaie in recent years over 
electrodynamics, and it has been found that reflection 
‘on the facts of this region of phenomena maceaitates % 
‘ti more radicat ovechayling of the tradi 




















‘which I shall deal with in dhe next chapere. 


‘The following additional works may be consulted 
‘with advantage : 
‘atm, Coreg mv Clare 
ETN, Stet yao, Cp 
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Modiication of the Traditions) Kinemstica in the 
‘Region of Physica (comtineed) (2) The Special 
‘Theory of Retativity 


‘Tus older controversies between Absolutigts aod Re 
lationuses, which we have discussed sn the last chapter, 
wok place wholly witha the region of dynamics, 1.6, 
thay dealt with the movements of bodles and with the 
changes of shape, such as Gattening and depression, 
‘which some of these movements produce. It is clear, 
Inawever, that the same kind of questioe could be rated 
lover anything whatever that moves, and over acy kind 
of effects which movecent nay seem to produce. Now 
‘there is good evidence—some of which will be men~ 
toned ia = later chapter—for the view that light 
tuavels out from its sources with a very great but finite 
velocity ; and this velocity has bees measured. Again, 
the motions of charged bodies produce magnetic effects 
th vary with the velocities of the bodies. 
‘Thus in theory the whole quertion between the 
‘Abocluve and the Relational views of Motion might 
‘be argued out again ix the regions of light and eleckro- 
magnelich. A wave of light might be expected to have 
all sort of different eviatewe velocities, and che question 
night be mised: Which, if any of these, is what che 
‘physiclat means by de velocity of light? The Abeolutist 
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‘might here step io and aay chat by she velocity of fight 
we must mean, not any of its relative velocties, but 
1s aboalste velocity, in the sease diseunted in the Inst 
chapter. Similary, we might ask: Which, if any, of 
‘the mumersus diferent relative velocities of any charged 
piece of mattar produces magnatic effects? And the 
Absalutise might say chat as relative velocity has this 
tit, but only the abnlute velocicy of the changed 
body: do not think that these additional facts really 












1 will ty t0 justify 
thin seacement before going of to discuss what modifica 
tong the new facta do make in the tradivonal kinematics. 

‘The subject in litte confused at dhe outset through 
the introduction of a new Giend—the Luminilerous 
Ethec-—which did not eater into the purely dynamical 
Arguments. Thus we get an apparently intermediate 
view, put forward by physicices who reject Absolute 
‘Space, Time, and Motion with nghteous horror as 
mmalaphysical figrents, and tall ue that what iv im- 
portant is light and electromagnetics is motion, not 
‘with reapect to this ox that fedy, but with reapect 10 
the Luminiferous Ether. It seems to me that for the 








present purpone there is no important dilrence betwee 
the Ethor and Absolute Space. A distincuon was orgie 
ally drawn, because various physical properties, auch 
ts sastiony and densi, used to be naccibed to tbe 

cause it was supposed to produce various 





the traditiocal view that Space does sothing, hes 20 
physical properties, and is thus distinguished fom 
Master. Bur there ace two circummuances which make 
‘the distinction between the Ether of the modern physicist 
and the Absolute Space of the older Mechanics 90 slight 
as not 1 be worth keeping. On the one hand, the 
Absolutist bas rally na right w say that Absolute 
‘Space doce nothing ta matter. Por It is of the esaeuca 
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of bis view thet aboolste motion produecs flattening 
and other mechanical eeces on matter; and, since 
‘Aimolute Space ia involved ia Absolute Motion, it tt 
lear that be ought to hold shat itis aa easental factor 
Ja the production of those elfeess. On the other hand, 
A we sball aoe, the Ether has proved to be « more and 
more retiring entity, wot it ia dificult ta discover that 
plays any part in physics except thet which Absolute 
Space played in the older Mechanics, Thus } do aot 
regard the two views that the velocity of light means 
ite absohte velocity and that R means Iie velocity 
relative to the Ether az geauine alternatives. The 
Ether yust is Absolute Space pias some hypothesis as 
to its filling, and this later addition is ieelevant for 
ur present purpose. 

Having cleared this complication out of the way, 
wwe can ee fairly easily that the facts about light and 
lecizo-magnetisa make 00 difference la principe to 
the question of Absolute cersus purely Relative Motion. 
When the velocity of light was measured, and when 
the fundamental equations of the electro-magnetic fed 
vere laid dowa, weters did not ax a rule state very 
clearly what frames of reference bey were assuming. 
But it ws certain that they were, in fat, assuming the 
‘azar frame of reference with respect to which Newton's 
laws of motion hold. If this be Absolute Space, then 
they ware talking about Absolute Motion, and if it be 
the fixed stara then they were tatking about motions 
swith respect to he Bxad stare. Every reason that there 
is for taking the later sheruative an regards ordicary 
ynamicn exiate for doing the same with regutd to light 
tard clectro-magnelics. The velocity of Fight is some- 
thing that has Bea experimentally measured, and what 
has been measured must have been the tine that a 
‘wave of light took to get from one Ady t0 another (or 
Zather from one body to = sococd and then back again 
tothe fra). Clearly it was the velocity of fight relative 
to these Bodies that was measured, and nor che time 



































FIRST THEORY OF RELATIVITY ny 


‘that it took to get from oot point of Absolute Space 
one bit of the Esher to another. Similsely the laws 
of electro-magnetics were discovered and verified by 
‘experiments on Sadler, and the velocities that were 
observed were the velocities of these bodies relative 
to others, Again, all the arguments that could be 
Produced to show that in fight xed electrodynamics 
a must be dealing with abgolute motions, and that we 
hhave tha means of indizeetly measuring them, are pro- 
cisely parallel to the argucsents ‘2 prove the sume cox 

oo. And they 








ine leave the question buorees the Ataottits and the 
Relasiovisa aaacdly where fe was; and that I i 
nce righty Uhay Inare the Relatoniats in ponseasion of 
the Sad, provided they state their cane carefully e0ugh. 
T do not suppose (at any pliysict wold deay one 
fide of the above statement, via. that te facts about 
Light and clectromagoetic lend’ 10 teh support 10 
fe Absolute Theory: Bot he might be Soclincd 10 
{lnk that they do provide addiional grounds for the 
Relalocal Theory. I do ot think this attety wae 
but itis plauible, and aa explanation of why it in 20 
will eazy us into the beart of our present subject. 

Ta the purely dynamical arguments betwees Absol- 
tis and’ Relatonist the Absolute sakes bis case 
‘on absolute aaaleraden and absolute rtaion. ‘He did 
not profes to be able to produce aay direct exipsieal 
‘evidence for abeolate mealineer odaciy though, of 
‘course, if he could prove the existence of abwoknte 
feceleraton, that of abeolste velocity would be proved 

direc. "I follows at once from the frm of Nevnon's 
laws of motion that abeolute rectliseas velocity, eves 
soe show iuell by any dynamical com 














straight fine, which Newwn’s Inex consect with force, 
sand therefore with possible deformations of bodies, 





magnetics here 
that is called de voloiey of ight be it absolute 

(or its velocity with respect to the ‘stagnant 
if you prefer that expression) we might expect 
to be able w measure the absolute velocity of a body 
Fike the earth by finding the velocity of light with 
respect tor. and noticing how much greater or Jean It 
‘was than de velocity of light. The absolute velocity 
Of the earth in its orbit would presumably be the dier- 
tence between the adzaude velocity of light and the 
Welocity of a wave of ight ar meamred from the moving 
‘arth goven that the carts and the wave of Hight wer 
moving is the same direction when the measurement 
was made. Again, various observable elocuo-caagoctic 
fects depend on the velocities of charged moving 
bodies If it be the absolute velocity of the charged 
body that is relevant to theac effect, we ought t0 be 
able to diacover what part of the observed rel 
velocity of a moving charged body ie due wo its own 
isolate velocity and what part in Woe ta the absotute 
vlocity of our axes of reereace, fr it will be ony the 
former that wil be response for the doetrmayreti 
cry which we measure. 

‘Now it ie a fact, and a very izportant one, as wa 
shall sein detail in a mocen, that all atiempts to Sind 
the absolute veloctien of bodies by these menns have 
failed, although the expeciesenta were quite delicata 
enough to detect the efects which were being looked for, 
{f they had really happened. We cox now too what 
amoust of truth tere is in the popular view thet the 
‘new {sets about light nod elecr-magnetics have pro- 
duced strong additions) argemests for the Relationist 
and against the Absoluist view of Motion. Tt wy true 
that light and electro-magnetics seemes to offer for the 
‘ira me a means of detcting and meascriog absolute 
‘relliagar vobatiy, and that when the experimeats Were 
Gone he remalta were always whally aeguive. But the 
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negative results of these experiments are just 2s para- 
dorical on the traditional Retationiat Theory as on the 
uwditional Absolutist Theory. Tuey cansot therefore 
‘be taken as arguing for the former and againnt the 
latter. It is clear that neither theory, as it stands, 
fitted’ to deal with the facts Of course, if it should 
‘be found that the Relationset Theory can, and the 
Absolutist Theory cannot, be so modified a8 10 fit the 
facts of light and electro magnetion, we may eay that 
Wieimately these facts furnish « conclusive argament 
aagaiaat the Absolute Theory. But at present we must 
old that their maeedhate consequence S¢ simply 10 show 
the need of modifying both theories, To this modifica 
tion we will now turn. 

1 shall confine myself to the question of the velocity 
of light, and not touch os purely electro magnenc 
experiments. The arguisent in the former case can bbe 
followed by axy person who takes a little trouble and iy 
‘acquainted with the first book of Euclid and with 
tlgebra up 2 siwple equations; whilst the electron 
mageetic experimeats cannot be understood without 
(hic keowledge af mathematical physice. And there in 
0 loss of genemlity in restricamg ourselves to the 
simple case of light, for light is really an electro- 
magnetic phenomenoo. All that the reader needs to 
remember hove is that the paracaxical result which we 
are going to explain about the velocity of light is not an 
igolated phenomenon, but is exactly paralleléd by every 
electro-magnetic experiment that has ever been done 
‘with view t9 detecting the steoluta velocity of the 
earth or other bodies. 

The Michetron-Moriy Eajerimeat. 1 shall state the 
argomect herein termsat the Absolute Theory, because, 
‘with our scientific traditions, thin makes it more easy 
@ follow. Bat I shall show at the end that this does 
‘aot mean that the argumest Implies the truth of the 
‘Absolute Theory, or that it woukl be inconsistent to 
use the conclusiog as the premise of an argument agalast 
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hat theory. Suppose we had » platform moving through. 
the ‘stagnant Ether” (which, ax we have seen, is 
Practically the same ching as Absolute Space} in 
certis direction with 2 constant velocity ». On thi 

platform let there be am observer, a source of Light, ant 
couple of plane mirrors, Draw a zaight tins on the 
pation through the source af light and. paraliel to the 
ivection of motion of the platform. Draw another 
-raight line on the platform through the source and at 
rightangles tothe frit ine. Measure off qual distances 
from the source along the rwo lines. A the points thus 
‘obtained place the 1wo mirrors, each one normally to its 
line. The illustranon below will show the arrangesent, 








At a cerain swoment let the soaren S give out a 
flash of light ard lec par of this ge to the m0 My, 
land ancther par tothe mirror My. Let us Set consider 
The part that revels to My Tin will have to ave) 
further through the scher thao the voarked distance £ 
between Sant My, fr M, will have taveled « cerain 
ce through the ather while te Light in mow 
toward ig nnd hurefore the Hight will ave ta overtake 
{Naw lot the light be cefecied back alongs old 
path tothe sores. t wil now bave 10 travel fea than 
‘the marked distance through the ether, becamse the 
source is moving towards It. Suppose the light left S 
‘time O, mached Myat fy was reer instantaneously, 
and got back to § af fy Ust « be the absolute velociey 
Of light ne. its velocity chroogh the *stagoant eer 
It in thea clear hat 
Heotnet, 
wa Paty aodie—t) 
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whance it follows that 4=2lf¢—s). Tole then ix 
the tol time that slapses between the emlsalon of this 
‘part of the fight and its recur eo che source after its 
double journey. 

Let us now deal with the Tight which travels to the 
other mirror M, and is reflected back from i to the 
source. This light must not travel out in the direction 
‘SM, as marked on the platfocm, 
fo it wilt never reach My For M, 
‘will have moved to the sight by 
the time auch fight fad got to 
‘where it was whea the Fight stared 





in the ether equidirant berween 
the point where the sousce mar when the light left it 
fand the point where the source wd! be when. tbe Light 
retumng to it The diagram above will make thig 
‘quite clear. 

‘The actual course of the light In the ether ia the line 
SIMI,S*, ICT, be the time when thls light gets back to 
Sit ih easy mo nee that 


Eamets 


Te aoe 


Thus the two parts of the original beam of Tight do not 
get beck to thn source at the stme time; or, to put 

‘A different but equivalent way, light which gots 
‘hack to the pource ax the same time fea the two mircors 
‘must have started from the source at diflcent tite 
‘Now, under these coaditions, there ought to be 2 

ing of the position of the interference beads which 
always ari shea the two beams of light which bave 
‘wavelled by difierent paths feom the same source mact 
‘again. And from the shift of the bends it wotld be 
possible to Gnd the diference berecea Gand T, Fram 
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this we could caleslate 2, the abyotute velocity of the 
platiors, is terms ofc, the absotote velocity of light, by 
Using the two formulas jost proved. 

“An experioest of this kind was done with great 
care by Michelson and Morley. Theic moving platiorm 
wis the earth, The velosity © was the tangential 
‘locity of the earh wm its yearly motion round the 
min. Their appartus was quite delicate enough to 
decact emailer sbifi i the interference bands than those 
‘which were expected. Yet eot che slightest tract of 

iting ac all was detectod. A great many otber 
‘aperiments have been tried in which electro-magnetic 
flcts ware looked for as a result of the earth's motion 
through the ether; in every case the results have been 
sal, This nogutive fact, that 20 efit due to the 
uniform rectilinear motion of a body through the ether 
lung ever boon detected, although it had been predicted, 
and although the apparatus ised was quite delicate 
ough 10 detect and measure Ic if It were present, 
the basis ofthe first Theory of Relativity. 

Before goung any further { want to fovpress on the 
fender the extremely paradoxical mature of this fact, 
fod to point out thet it is as embarrassing to the 
traditional Retational Theory of Motion as to. tbe 
‘ditional Absolute Theory. ICI travel in a slow local 
train, and an express passes me going in the same 
direction op the mais line, 1 expect to find and I da 
find that the express moves moce slowly relative to me 
than it would if were standing on the platform of « 
tiation. Tt is obvious that the expreas takes looger 
to pass me usder the former circumstances than under 
the latter, Now we should certainly expect this to 
hhappes for all kinds of motlon, end thia is common 
‘ground to tre traditional Absofutit and the traditional 
Relationist. Yet the negative reault of the Michelsan- 
Morley and che electro-magaétic experiments ralght 
quite ficly be summed up as follows: The velocity 
Of light with respect to various bodies is the sume, evmn 
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though these bodies be moving sith various velocities 
in the same direction as the light or in the epposi 
irection to it. 1a the Michelson-Morley experiment 
the earth in itp orbit correspoeds toa alow Jocal train, 
‘and the light which goes from § to M, corresponds 10 
‘a very fast expceas coving in the same direction on a 
parallel line. The result is as ifan express train should, 
‘appear to be going just as fast to observers in the local 
train ax to observers sanding ox « station platfora. 
‘Tne paradox con be stated just as well in terms of the 
Absolute and in terms of the Relational Thsory, In 
terms of the Absolute Theory we can say that, altbough 
the earth 9 moving with an absolute velocity through 
the ether in the same direction as be light, this doen 
not diminish the velocity of the light wath ‘respect 10 
the earth; everything gocs un ax if the earth were 
absolutely at rest im the ether. Ta terms of the Rela 
Uonal Thory we oan say that the relative velocities of 
2 wave of light, with ceapect to a number of bodies 
which are moving relatroely 0 euch sther in the same 
irection as the light, are mverthalss al! she same, 
Natutafly the fiat ching t0 do ix to sre whether any 
‘Phyncal vcplanation cao be given for thin paradox, 
without modifying the traditional views of Space and, 
‘Time which are common to the older Absolute and 
Relational Theories. What physical astumptions were 
uade ia the argument which Jed to the formula of the 
Ivon-Mecley experiment? We assumed (c) that 
the ether is not dragged along by the moving platform, 
sue water would be by & stick that was rrailed through 
() that the absolute velocicy of fi 
sagoant ether” ig the same in all directions  (¢) that 
the reflection at the mirrors tlxs place practically 
instantaneously ; and (d) that the fact thet @ source, 
which easit light, is itself In motion through the ether 
makes no diffareoce to the velocity of the emitted light, 
‘Would it be easoaable to account for the negative 
result of the Michelsos-Morley experiment by mjecting 
































Tegards (2) any modibcation will briag us into Imme. 
diate conflict ‘with another set of well-established 
experimental facts, viz, the aberration of light from 
‘intant stats, due to the yearly movemeat of the earth 
in its orbit,” We aball have occasion to refer uyain uo 
this phenomenon in a Tater ebapter. For the presont 
we may say that the aciouct of aberration will vary 
according 10 the extent so which the earth drags the 
ther along with it, The actually observed abecration 
‘orrespands to the hypothesis that tere is na dragging 
at all, which is what we assuzed ia our argument. 

“The assumption (4) seems to be the oaly ceasvaable 
nc mata on Se eaten met Ro 

Foc the earth & moving in its orbit ie 
Eierent iretions at diferent simes of year, 1 follows 
that the assumption that the velocity” of light in the 
ther is diferent in dierent absolute directions, even 
ifr be ineligible, could only account for che negative 
result of the Michelsoo-Mociey expeciment at one time 
Of year. At other seasons the discrepancy between 
prediction and observation would be worse thas before, 

“The assumption (€) ie neralesaly aweeping ; all that 
need 19 satame is tht, whatever time the reflection 
may tke, it is the mame for both micron It ware 
turely absolutely arbitrary to suppose that ceecion at 
M, ahways takes up 2 dierent amouat of thee from 
reflection at M, and that this diGereace is always exactly 
ftuch as to neutralise the expected difference inthe then 
of arrival of the two beams of light at the source. 

“2 On the wave theory of light there ls no Feason 
why the velocity of e source at tbe moment of exalaion 
dhould have axy eGect on the velocity with which tha 
fomitted diatorbmace afterwards travels throngh the ether. 
I we held the corpuscular theory of light, acters would 
‘be diferent; for a corpusele shox out of x maving source 
‘would presumably have » velocity compounded nf that 
Of tbe soures and that dun (> the emitting lepulse, 
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x necessary 10 auppose that really they travelied the 
tame physical distance through the ether, We can. 
aly explain this oa the assumption thet, although our 
mosssrements in toe two msttally normal directions 
fon the platform were the same, the plysnel dirtencs 
measured were not the same. This is equivalent to 
‘assuming that our measuring sod dota aot remain of 
the same physical Jengeh when it ix turned in diferent 
ditedions on the moving platform. If we suppose 
‘hat the physical diatance at nght angles tthe direction 
of mouiga realy is J, whilst that im the direction af the 


mot 








scaly 4/12 we can scout or te negative 


result ofthe experiment. For, is that case, both beams, 
‘will have traversed the same physical distance thraugh 


ai 
the eka vier SG and as che ial wih the 


same velocity « they will get back at exactly the 
‘sume time. What we have to assume then ip that a 
measuring rod, which x of ext physical length when 
held broadways on to the direction of motion of the 
platform aoe the ether, shrinks to a physical 


lengtr V.-% wheo laid dows on the platform in the 


direction of is mote. This is what js ellod the 
Lenin = Fatzgurald Contraction. (tin not, of course, 
‘supposed ta be confined to one particular rod, but is 
comman to che platiorm and everything on it. The 
reoult in tha it cannot bo detected by the use of another 
measuring rod, because that will contract 1n precisely 
the same way as the first whan you lay it alongside 
the Bret. 

‘We can now deal with the question of Local Ties. 
We have supposed dhat the velocity of light in the 
stagnant ether is ¢ units of length per second. Now, 
assuming the Lorents-Fitagerald Contraction, we have 
‘ven that the distance travelled in the ether by either 
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‘eam of light from source to mirrar aad beck again to 


sure pn lngh ices at 


4 clock at the sourc, which marked zero when the 
fash started ought to marke pL - seconds when the 





2 
lash retuens to the source, if it is set 





such a vay 
that it accurately measures stoonds of physical time- 
lapse, Now the dlatance travelled by the light relattorly 
én the platform ig 2£ waits of length, Therefore the 
measured velocity of the light relatrvly e the plaforme 


will be art p25 ce | pp unite of length per 





second, aamming that the clock at the source is. going 
4 tuch a enia that second, as measured by it really 
does represent x physical time-lapse of oze second, 
‘The relative velocity of light would therefore vary with 
the velocity of the platform. But thin is exactly what 
‘we do not find, although we might have expected to 
do so. We actually find thar the measured velocity 
fof the light does mat depend on the velocity of the 
source, the observer, or his instruments. Tt is therefore 

idea that some further explanation beside the Lorenta- 
itzgerald Contraction 1s needed toaccount forthe facts 
It is evident chat this further assumption must be coa- 
cerned with our clocks, since we have already dealt with 
‘our measuring rods Suppose that, when ane second 
of physical time has elapsed, the clock at the source ooly 


Indicates Vi—§ seconds, fe. that it little slow. 


Ties whee Aimee are ly sep ho 
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fie, alle seconds. The measured distasce ravelled by 
the light relatively to the platform is, as before, 2 
‘Thus the measured relative velocity of the Tight will 
‘now be <, and will thus be independent of the mation 
of the platform. This, as we saw, is the result which 
is actually found by experiment." We cust therefore 
accept it as a fact that the clock af the souros on the 
moving planform goes more slowly than it would do if 


the platform were at reat in the ratio of Vi—% to 1. 





‘This assumption is of course additional to the Lorentz. 
Fitzgerald Contraction, and makes no difference 10 
Butwe are not yet our of our dificulties about 
‘mensuremect af ume. So far we bare dealt onty wi 
the case of a single clock in a single place on the 
platiorm ; for the light came back in the end to che 
placa whence it matted, and the time-lapse was measured 
‘wholly by the clock there. This of course does corre 
spond ta the way fa which the velocity of light iy 
smeatuced in purely terresteial expeciosents, much an 
‘Out of Fizesu and Foweasle. Sui it is clear that we 
often wane to compare the time at which one event 
happens in one place with the time at which another 
event happens ia some other place, In order to do 
dla we must have some reason to believe that the clocks 
in the two places are, not merely going at the same 
rate, but alzo that they agree in thelr zeros. Now the 
mere fact that they agreed in dhese respects when they 
were tagether i wo guarantee that they will continue 
to dono when one has been takes away to a distance. 
Ta the case of pair of ontinary clocks, for iasance, 
‘the shaking that one of them gets on its journey, the 
ifferent average temperature of the region to 
ich it has been moved, the different gravitational 
attraction at different parts of che earth, and many other 
factors, combine to make it mast unsafe w argue that, 
‘Decause the (woagreed when they were together, they wil 
continue ta do so maw that chey have been separated, 
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I ia thus absolutely necessary to have some criterion 
of sameness of rate and sxmeness of zero which c2n be 
applied to widely separated clocks whulst they remaln 
‘its, The only method that seems possible is that 
Of signals which trivel from ove to the other. Let & 
‘signal be sent out from clock A when this mari f, and 
recrived at clock B when this marks 4, Let another 
‘ge sent out when the first clock marks 7. and received 
‘when the second enarks fit 15 found that 7, 
Cowfn we aay that the two clocks are going at the same 
tate, "Again, fa signal leaves A at (reaches B when 
the clock there saris 1, is immediately reflected back 
to A, and reaches there when the local clock marks 
1 i€ seems reasonable to conclude that the zeras of 
the two clocks agree, provided that fom f+.) This 
would obviously be the right enterica 10 adopt on the 
Atwatste Theory, provided the platform were at rest 
in dhe ether. But, we have open, whether the platform 
‘bo at reat in the ether ar mot, there is na observable 
phesomeson by which the obververs on it can detect 
fia absotute motion oF rest. Hence, in any case, they 
are forced to ase this criterion fae de mnie. More- 
‘over, with cia criterion and wath it alone, the observers 
cn the platform will find the same value for the velocity 
of Light colative to the platform whether they meassre 
it by observations ail made with a single cloc 
place, of by observations made with two different clocks 
in two diferent places, We can easity show shi, a 
follows: Wa have seon that the velocity of light, as 
eteemined by obsarrations wich a single dock, is found 
to hare the sane value ¢ na matter what may be the 
velocity of the platform through the ether. Now itt 
the clock B be put where the mirror M, was in che 
Michelson-Morley experiment. Let a flash leave the 
source (where the clock A is) when this clock marks O, 
each the clock B when this rarks fq be immediately 
reflected back, acd reach A again whea this maria f,. 
‘Thea, ifthe two clocks have boon set by aur criterion, 
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fe KO+()- Wn Now we know that the velocity of 
light relate em the platform, as peesured entirely by 
observasions made at A with the clock there. isc. And 
the measured distance that dhis fight has trevelled 
relatively to the platform is 2 Ge. the measured dis 
taace ox the platform backwards and forwards between 
‘A and B (or S and M, in the diagram to illustrate 
the Micheluon-Marley experiment). Hence ¢,-2/. 
Hewoe fy which is jr is Hc. That is, a beam of light 
Which teft A wher A's clock marked O and travelled 
the distance /'rmative to the platform to the point By 
‘will reach B when the clock there marks je. Thus the 
Observers at A and Boon compariog ootes will again 
conclude that the velocity of light with respect to the 
platiara Is «, which is exactly the same conclusion a8 
experimenters who bad confined themselves to waking 
observations at A with A’s clock had already reached. 
So thatthe conveations ust aid down for sundardising 
intant clocks are not Goly those which are practically 
forced on the obsecvers by thei inability to detect the 
movement of their platform tbrough the ether, they 
fe alto the only convestions which will lead to the 
same meanare for the velocity of light relative to the 
latfors, whes two diferent but oquatly reasonable 
methods of measurement are adopted. (It ought to be 
remarked that the last point is of merely theoretical 
interest, sicce the only practical metbod of measuring 
the velocity of Fight by terveaia ex 
observations wade in a singe place.) 
‘Now these conventions, reasonable aed ineriable ax 
they seem, lead to the result hat on. a roving platform 
locks which are set by thess do aot “really” agree in 
their zerox, This zeans, In terms of the Absolute 
‘Theory, that identity of ‘lock-readiags in different 
places does not imply identity of physical date, if the 























sar doterd abost a platform which ‘3 in absolute mouos. 
rough the ether, This we will now show. We have 
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just sees that, with these conventions, if Bash Seaves 
‘A when the clock there reads O, it will get to B when 
the clack there reads Yc. If these were nothing wrong 
‘with the clocks except the systematic slewaess which 
‘we have already had to assume, this clock-eeading would 
mean a physical Sime-apae of amount En, 








4 
cul he gt WA and et Ba 
tev edn fi Matowing rte Lares 


Fitagerald Contraction of the platform and the rod with 
‘which itis measured), and (4) hax had farther to catch 
Lup B, which is itself tavaling throngh the ether ia the 
suame direction with x velocity eA. very simple 
caleulation of exactly the same kind as that given on 
120 will shaw that the actual amount of ive chat has 


‘elapsed between leaving A and reaching B is = 5 


Now we have seen chat, if we only allow for the 
systematic slowsess of all the clocks os the movi 


lularm, the physical Uesetapse would be tf 
a 





‘These twa quantities are not equal, and the one that we 
hhave just nbtained by dicect calculation isthe right one, 
Hace the clock at B fs not merely going somewhat too 
lowly, lke the clock at A; it is also not really in 
agrocment with A 43 t0 its zero, ce. identity of readings 
between the two clocks do not represent ideanty of 
physical dates. When the clock at B read (the true 
We 


ra 





physical time-apoe is 


AD) ed 





This equals 
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In geueral, ifthe clogs at B masks /, and the meanured 
distance of B from the sare ia the direction of motion 
of the platform be denoted by «the physical rime-lapse 
corresponding ta the reading 4, ix given by the equation 





? 

‘Wee thes, tha if clocks be dotied about a platforms 
‘winch is moving throug the ether with uniform velocity 
iva seaigi ne, and if hese clocks be standardised by 
imeang of Tight signals, and we want 1 pass fom the 
readings of any clock wo the corresponding physi! 
Simetapar, we must sot merely divide the reading by 


=o re eng we wat ade og 


quan Sf wbare 256 the meena datance fran 
he standacd lack to the given lock, the dimen of 
tmouon of the patra Not only real te din 
fw Inte wns tha they a ake more than at hout 
‘of physical time to make a complete rotation ; In addi- 
tion to this the hands of the various clocks are pushed. 
bac tom the very sot by moun ohigh lcteae re 
further they are away from the standard clock in the 
direcion of roton eth platform, Clekoeading 
ie tae called Lad ‘Ties, became they vary th 
the pli ofthe coca the plato ever whe 
the tbat Ue the mime 

ie una, for convenienn, to deste the (action 











Fitagersld Convaction means that a meatuced length 
rin the direction of motion of the platform represents & 
physical length of only s/h And che equation just 
reached tela us that the absolute time ig connected with 
the local time of a clock on 2 moving platform by the 


formala kas5 ® 
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sasuming that the clocks have bera se by light signala 
{ecording to the conventions iid down on p.izg. | We 
‘want one more equation before we can get exy further, 
Suppose that when the suzndard clock on the Platform 
‘mused O itwas opposite tom point in Absolute Space. 
‘When the clock B marks let that clock be apponita 12 
1 point fof Absolute Space. The coordinate off, in 
the direction of motion ef the platfore ase relauve to 
‘he plaforra, will ofcourse sisnply be ste distance as 
smeanuced along the patform in 
thisdirection from the standard 
clock 10 the clock 8 How 
‘wll this be related to Xs, the 
physical distance In Absolute 
pace between the pore: Band 
‘he point «, which the standan cock was opposite to 
2 ‘The diagram above will ustzate 








‘We have two factors to consider. (1) Owing to the 
Lorente-Fitzgerald Contraction the measured length x, 
only represents = playsical length 4. (2) The plat 
form haz moved through the ether for the physicat 
‘time-lapse that corresponds ta the local time fy IF this 
Inpae be # the platforas has moved a physical distance 2, 


us, by equation (,2=4(H4%S) Hence 
Keno 
aoe Be 
-afedips) +00} 
aint oh). () 
‘ste ote fn maton of hn aie, 
Di anes he apa dices af tre ae 


Abratate Spe with the musswred magnitede of their 
‘eo-ocdlnatas relative 29 « mening platform. The # factor 
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‘enters chraugh the Costraction and the Loca! Tlae, the 
» factor through the ordinary rules of relative motion. 
‘We can now sam op the resulss of the Michelsaa- 
Morley experiment in terma of the Absotste Thoocy. 
To explain the negative results of that experiment, 
‘while preserriog the Absolute Theory, we have bad 
fo make three assumptions. Two of these involee 
action between Space and Mauer; the third is mecely 
the explicit emogeition of « convention. (1) We have 
tad to asmume that Absolute Motion of x body products 
‘contraction fa the direction of motion. (3) We have 
had to axgume that all clocks 0 platfore, which moves 
‘trough the ather, are thereby made to go more slowly. 
‘These are book definite assertions as 0 the astion of 
‘Atvolutn Space (or her} on matine. (3) Wo mw that 
‘the conventions which we use to judge of identity of 
sero in scattered clocks are not justified if the clocks 
‘be in mation through the ether. This it not w new 
Physical axsumption, bot iain accordance with Comox 
sense What in new is thet we must still go on sing 
thin convention, because we cax cever fell whetber we 
Are in motion oF not through the ether. 2¢ will be soen 
theo that the results of the Micheisoa-Mortey Bxperi- 
ment cox be dealt within terms of the Absolute Theory, 
provided we are prepared to make ssitable physiol 
ansucaptions a8 to tbe eect of absolute motion on clocks 
and soeasuriog rods. Thus, iteannot be mid that the 
newer facts definitely setde the old qoeition between 
Absolutists aad Relstionists in favour of the latier 
Nevertheless, I think thie reflection on tha newer farts 
does strengthen the caze of the Relationista by making 
{de Absolute Theory seem more and more arbitrary aad 
probable. Before going farther 1 will poiat out why 
this, (0) Is order to explain the fact that 
motion through the stagnant ethe: does not produce 
the observable effects which one might reasonably 
expect it ta do, the Absolatiat bas to assume that it 
doer produce two diferent eSecs oa cater, and that 
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the combization of these exactly neviralises the ex 
pected phesomecs, If a student, when taxed with not 
‘showing up an easay, werm to reply that he had written 
i and thes upset he ink aver it, we should perhaps 
fel a Title doubtful, aod ank him co let we aee the paper. 
If he thea said that, by a strange coincidence, as the 
ink dried it faded, 90 that it was now imposslble ta 
fice anything on the paper, evea the Gaarity which 
believer “all things” would be severely strained. 
‘Yat thia is about the postion ia which the Absolute 
Theory finds itself when dealing with the Michelaon- 
Morey experiment. (2) The alleged physical effects of 
‘motion theough the ether are of the most extraordinary 
lind. For instance, the Loveate-Fitageralé Contraction, 
if taken as a physical fact, affects all kinds of matter 
equally, A rod of steel contracts as much as « bit of 
india-rubber, We right at least expect thet auch « 
‘contraction would be accompanied by strains, and that 
these would ahow themasives in the tual way by lad 
ing t0 phenomena, auch as double refraction, in other- 
‘wipe isgcropic transparent materiais like glnsn Such 
‘fects have been carefully looked for® and have never 
bean found. Sirmilar remarks apply ca the systematic 
lowing of the clocks. In fact we may fairly say that 
the assumptions which the Absolute Theory las to 
make to square itedlf with the results of the Micheloon- 
Morley exporitnent are so “fghy as to cist udditioaat 
[grave doubt on that theory. Lat us then iry to Interpret 
the Michelson-Morley remit in terms of the Relational 





‘nterpretaion of the Bachalon Morley Result terms 
of the Relational Theory. The two transiormation equa- 
tions which we reached in the last section contaia 
Uunobeervable factors which we eiuat now G7 to elimlaate, 
On their Jefi-band sidex they contain absolute time 
Inpors and absolute distances. On choir right-hand 
aides they coatain 2, the suppased absolute velocity 

te pent. y Raiegh od Bee 
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of the platirm through the ether, which 
‘we cannot detect. This occurs both explicitly, and alma 
Iimplidily in the term 2. We want to ge equations 
‘which will cootsin nothing but relative veloctes, 
‘eual clack-madings, and meamured distances. This 
Is ot dificult to do. First of all we must take 
fowo platforms, 2, ad 7, Let us still ik fa tera 
of the Absolute Theory, and suppase that han an 
Absolute velocity 2, and A, am absolute velocity sia the 
‘sume direction, Lat this eocemon direction, as before, 
‘be taken asthe asia. The rat thing that we must ind 
4 the measured relative velocity ti which the platiarm fy 
1has with reepect to observers os A. who measure it with 
theit own clocks and rods. Let « certain point on the 
‘Platfara 9, de opposite w the standard clock of f, when 
This reads 0. Let the same poiet of » be opponite to B 
in g, when the clock there reads fe ‘The velocity of fy 
relative to A, at measuzed by the obververn on A, will 
then obviously be dée Thisis vy. Now from equations 
(0) and (2) we can ena decive the equations 


tee Monae ro) 
and AA. ) 


Hence = pa 
= 
Now Py the absolute vl off 
ws dividing through by f, we get 
on 











@ 


‘This formula is both Inteiosicalty interesting, aad 
ceaventin} for the next mage of our work. Let us put 
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and smi, +014) = Alt Of, 
where 5, and 4, arc the measured co-ordinate and the 
00 f, which correspond wo physical 
distance + aad absolute time-lapse ¢ respectively, 
whilst x and fare the measured co-ordinate and clock 
reading that correspond on p, to tbe same physical 








thee 99) (02S 


=Mhi-99)(o%9) wo 


Now i sear t prove chat b= &h{2--!) ; whanen 


tobe P)- w 
In the same way we can prove that 
An hales tah © 


‘Thase equations are absolutely symmetrical an between 
And fy acd x, For it follows from thers that 


—e) 
and hala) 
But bay a0 9 — Yan on 


pave) « 


otal 








aod sche oh) ow 
which are of precisely the same form ax (4) and (8) 
sespectively- 


‘We have thus eliminsced almost the last cae of 
anything “absolute“‘and snotmereabte. Ourequatieat 
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snow coataio only clock-readings ; ceasured distances 
ralative velocities of one platform to another; and 
the velocity of ight with respect to the two platforms, 
‘which the Michelson-Morley experiment shows to hav 
‘he same value for all piatiorms, even though they be 
1m moti relatively to eack other, provided the mation 
be rectilionar and umsform, The equations naw tal 
‘ua what co-ordinaire and dates observers on 0¢ plat- 
form will axcnbe to an event, pronded we know what 
covedinates aod dates the observer on any other 
platform ascribe (© the sume event, and also know the 
‘measuced velocity of the one platform with respect to 
the other. The only Wace of "*absoluleness" that it 
left 1m the proviso that the platforms must be moving 
in strayght Irae, and with uniform velocives in the ether, 
‘Thus ctust be lef tll we come to the General Theory 
of Relativity io Chapter Vi. 

nthe meanmmle the reader may be inclined to caine 
1 purely logical question, whch ought to be senled 
before we go any furter. He may say: "You have 
jane eee deducing certain transformation equations 
from the assumption of absolute motion through the 
stagnant ether, and 9 this. connexion you have 
assumed a real physical contraction in moving bodies 
tnd a real physical slowing down of moving, clocks. 
(eis true that you havea last deduced « st of equations 
which are entirey in terms of measured distances, 
Glock-readings, and. measured relative velocities. “But 
leven these were deduced from the assumption of 
platforms moving with diferent sbgolste velocities 
through the stagnant ether. Would it not be a groas 
inconsistency sf you were fcally to make theoe equations 
the basis of a purely Relations! Theory of Space, Time, 
2d Moon? Would you not obvicasly be using yout 
conclusions to prove something which directiy con- 
(dicts the premises from which you derived chose 
conclusions?" And 15 this noe plainly inconsistent?" 

"This objection is rovalid, asf shall now show. To 
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ome people this fact may be obvious, and they may 
Ghink the whole objection far fetched. T can aasure 
them, however, that tls fetched Gom no farther than 
the University of Oxford and cespec: forthe difScaltien 
fele by that learned body induces me to make the Xogical 
position perfectly tear, To say that pie the preva 
foot whieh we deduce mean more than to sty thet 
> implies g, hough of course it involves this, Te aeans 
{a addition that oue belief In 9 is our ony grouod for 
betleving in g. When # aod gare slated in thir 
tre cease wo have any grouod for believing in g 30 2000 
sa we cxaue to believe ing. Burp may imply 9, thougs 
Pp i3 false nnd g i true, And, provided that we have 
other grounds for believing ¢, there is not the least 
Jagical objection w ovr Grot geting «x krow q a5 an 
fimplication of f and then using our belief in ¢ a2 an 
argument againat A foreigner might come to believe 
the tue proposition chat the Prime Minister of Great 
Briain io 1931 wan Welabinas Because he mistakenly 
belived that Me Asquith was Prime Micister at that 
Gite nod that Mr Asquith was a Welshanan, He might 
tien Bind other groueds for believing thet the Pome 
Mialater was a Welshman; he sight 1. read in the 
papers hat the Prime Minister had delivered a moving 
{adress In Wels to the Free Calvinlsue Anabaptists of 
Liaatairpwilgneyn. ..- On subsequently comparing 
the Welah sattonal characterisucr with what he could 
fearn about thove of Me Asquith he might begin 10 
feel x legitimate doubt as to bis original belief chat 
Mr Anguish was Welsh. Yet be would commit oo 
inconsistency if be continund to believe thatthe Prime 
Mininer in gat wan Welsh. He would hare been 
inconsistent i€ he had mer had any other rensan for 
thinking that the Prine Minister was Welsh except 
the bole chat Mr Asquith was Welsh und was Prime 
Minister but we ace sssucaiag thar this was only his 
‘rigital ground for bis concisson, and that he subse 
{Toealy found eter reasons to separ it 
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Now this is precisely the position about the trans 
formation equations. They do not begin to be direcly 
‘verifiable Gil chey are got in the purely relational 
forms (4) smd (5). Once they are in these forms they 
contin nothiog but what i observable, aod the 
‘evidence for them is that they, aed they alone, Bt all 
the kcown facts. They do indeed follow from the 
‘Abgolute Theory, together with the physical assumptions 
aaboue contractions und clocks. Thi 

since those aszumptions were roade precisely in ander 
‘to square the Absolute Theory with such facts an the 











the evidence for or ngainat them is direct and inductive, 
‘The Absolute Toeory is not the premise of them, and 
there is thus go inconsistency in using them ta cast 
doubt on the Absolute Theory. We do thin just 
bocause the Abwolute Theory avy feads to them when 
Aupplamecied try cerain physical sasusoptioan which 
tre inriasically very improbable. “If g be kaowa 10 
‘be tron, and # only leads to ¢ when supplementnd by 
the very improtable premise $7 the truth of ¢ reflects 
the improbability af #° back on tog. This I think 
satin the purely logical queron. In futore th trast. 
formation equations ia th celatigca) forms (4) 204 (8) 
are ta be aconptnd 90 thaie own mnie, and without 
‘gant t0 the garicolac way in which it happene t0 be 
Ccnveaient to introduce them to the notice of ceaders 
‘brought up (a2 moat of us arc} on Absohist wadtions. 

"There it, bowever, a mal logical incoherence ia 
Food many expositions ofthe Theory af Relativity. The 
Loreata-itsgerald Contrncion and the slowing of the 
clocks on «moving platiom are Grat introduced a8 
physic changes due’ 20 abeotste mocioa. Later on 
{he Absolnin "Theory i cejected. ot the Lorents- 
Fiagerald Goatraslon Is sll cecogolaed as a fac, and 
Ge tase fe tru of the slowing down of the clocks, 
“There is a8 appareet inconsininncy bere which is very 
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ppurling tothe student of the subject. It is clear that, 
the ‘Contraction and the slowing af the clocks are 
sll to be recognised, they ust Be ramerpread, and 
Ahi ig what is actully intended bot not always clearly 
Drougtt out. Let us then reinterpret them f= purely 
‘Relational terms. 

We have two plarlorms, f, and fy of which she 
smoged moves ina Sunight lise along the sax of the 
fiom with a uniform mearured relative velocity of ty. 
Avrod i ying on fy ong tee axix. The prople on 
| measure and find that their unit meamure goes inte 
TRiqtmes, What messore will Use people on & naccbe 

in od? They cannot, of course, measure tainly 
10 long as & seroaina on fy, $0 they wil have to adopt the 
{oUowing expedient. ‘Suppesa that one en of the rod it 
‘opposite oa poim B of p when the clock there saris hi. 
‘Suppase that the ather end ia opponte to point C af 
‘when the clock there marks fin Let ha—fv Thea the 
people on fy wil ny thatthe distnce BC on tele plat~ 
foram, nn raeasured by themes, is the length of the 
rod whichis xed in fy For tin the distace besween 
‘he points be 4 which were opposite the two enda of 
the rod at the tame moment, as jodged by the clocks 
apy, The long, a3 measured by ther, wil esefore 
de Reman Now, by equation (5) 




















Ram halter t Orland 
he aetna te Sua) + Pralar— aah 
By muntion (4) 





Now fun in by nypodhesi 


ond 


He heen 
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‘Thos we ame that a rod whove length ia fy, 48 measured 
bby observers who are at rest relatively to ity has & 
shorter length as measured by observers relatively to 
whom it moves wits a uniform rectlioenr velocity, tf 
the owe sets of ofmervers can communicate with each 
ber, those on A will say that moving bodies are 
shortened in the direction in which they are moving, 
and the amount of shortening is that given by the 
Lorentr-Fitegerald forovala. Suppose now that che rod 
‘were transferred from fy 10 fy and the observers on 
‘Ay pon measured it dirmcly, whilst thove on fy now 
runasured i¢ in the same indirect way which the A 
‘observers had to use before. The obververs on #, 
‘would now find that the rod hed the measured lenizth fy. 
‘whilee thaws on A, would ascribe vo it the measured 





The observers on would pat the cave to themselves 
as follown They would say that the rod, which wat 
formerly at rest, bas now acquired the velocity ty 
(hich ia equal to —m,), ead that this makes i con 
tract in the proportion given by the Lorents Fitagerald 
formule. Ths beth parties would agrer that motion 
causes contraction, and both would agree in the formula 
‘which conaeets contraction with velocity. Both get 
the same mesure when tha rod iat ret om their plat- 
forma and dhey Caz mensure i diceety. This ooasure 
is he Both get the same mensure when the rod ix 
‘moving relatively w their pietform and they cap only 


meat it odecty, This mennae is $+ or, what in 
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he same, f- ‘The contraction is thus so longer & 


‘Phyncal change caused by absolute motion through the 
‘Sagnant ether; it is simply « change in the saatmre 
Of dingtk of he tame body, according as it is at reat 
‘relatively to the observers and can be zeasured direct!y, 
fr {is in unifgem motion with respect 1 Phe observers 
and can only be meansred indirectly. ‘The measure 
menia of the two sets of observers are perfectly con 
‘conant with each other, whenever the conditions under 
‘wtich they are mace are precisely similar. And there 
ia nothing particularly shockleg in the fact that the 
qreaturemenis by two different seis of observecs of the 
‘same body are not concordant when the conditions under 
‘which thay measure it are cot precaely similar. 1 ia 
‘ot even imcoavenient, alnce the tanslormation eq 
tigas tell us how to pass from the one measure to 























‘We can now deal with the Inuerprewilos of the 
facta about the clocks in terms of tbe Relational Theory. 
Lat the clock at the point Boon fy Srat read 4, and 
later on let it read Ty. The tmelapse ax meaanred, 
by observers on 4, will, of course, be Tyme Let 
the clock which is opposite to Bm 9, oa the rat 
cweasion read fm acd the clock which ix oppotite 
to B in f, 04 the second occasion read Ty. Then, 


we nave 

A(t + Se) 
snd tamale fa) 
Wnence Thanh Fafa) 








3} o. 
‘Thus the time-lapsc, as measured indirectly from fy 
in greter than the cixelepoo as measured diretly on 
‘Ac The people on fy on comaonicaing wih dome 
5 fy wil therctort may tort the clocks om fy tre 
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rendered slow by the motion of 4. If, bowever, a 
lock fram fy, weze trunsierred to 9, and the time-lapse 
‘were measured with & dicectly by people on 9, and 
directly by people of $,, the latter would sxy that 





their old efock was cow going more slowly, and would 
aseribe this 10 Its transference to the moving body fy, 
‘Thus bath parties would agrees that rectiliaear motion 
alow clocks, and both would agree as to the connexion 
between this slowing and the welanve velocity. But, 
‘once agala, the slowing Is not now a plymas! eSect, 





is measured by the readiogs of a single clock which 
1s fixed in the place where the time-lapee is measured, 
for by the readings of fe diferent clocks. wh 





motion with respect to it. The measurements of the 
‘wo sets of obververs are again quite concordant, 
whenever they are carried out under precisely similar 
conditions; and when the conditions of the two observa- 
tons difer Ia the way described above, wa can always 
[pans from the one measured time-lapse to the 

by using the equations. 

‘We might sum vp these results an follows: (:) 
‘There 14 a direct and an indirect way of measuring 
length. The former can only be applied to bodies that 
fae at reat relatively to the person who 1s making the 
‘oneasurement, and consists of the familar process of 
applying a measuring rod and seeing how many times 
has t9 be laid dows before it reaches the other end 
‘of the body. When the body to be measured is moving 
relatively to the observer chis method cannot be applied 
What bag 1 be dane then 1s for te abseruers an the 
same platform to cote what points on the platform the 
‘wo ends of the moving body face af te sesue mouent 
as judged by the clocks om theer plasjarse, They then 
measure this distance direcdy, and take it ap the 
measure of the length of the moving body. These 
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toro methods lead vo the same measure for the same 
body {assuming thet clocks have beca standardised on 
the two platforms by the principles laid down earlier 
i the chapter) if and only if the two platforms be at 
reat relatively to each other. if the two platiorms be 

‘uniform rectilinear relate motion, the two methods 
do not lead to the same measure for the same body. 
‘The two measures are then connected with each other 
fand with the measured relative velocity by the Lorectz- 
Fitagerald formals. It will be noticed—and this it 
‘ery important —that che indirect method of measuring, 
engid necessarily involves x reference to (me, si80r We 
measure the dinance betweca those two points which 
the two ends of the moving body are yudged 10 face 
simatianeoury. Whether the direct method of measure: 
ment also iemplicidy javolves 2 relerence to time we 
‘will not disease at present, though we shell have to 
do so later. 

() There is a ditect and an indirect way of 
measuring the tume that elapses between two succeasive 
events which happen at the same poiat on « platform. 
‘The former can only be applied by observers who are 











its of the famibar process of noung how far the 
hhands of the clock there have tursed berween the two 
‘events. When the two events happen an & body which 

‘moving relatively to the observer thig method sannot 
bbe used. What has to be done then in for tow ebserewre 
to note the readings of their clocks when the fst event 
Iaappens opposite to one and the second event happent 
‘oppesite to the other. The difference between the 
readings of these two separated clocks Js thes tkea 
«a5 the measure of the time-lapse between the txo events 
‘un the moving body. These two methods lead 1 the 
‘same measure for the time-lapse berween the same pair 
cf events (astuming that both sets of clocks have been 
standardized by the priccipies already Jaid down) if 
acd only if the cwo platforms te at rest relatively 
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to each other. If the two platforms be in uniform 
fectlinear relative motion, ibe two methods do not 
lead ta the tame manure of the time-lapse between 
the same pale of events. The twa measures ere then 
ssnmected ‘with each otter and with the measured 
felative velocity by the formela (7). It i iesporaat 
to notice that” the indirect measure of fmelapce is 
sssentally bound wp with dieu. For the two events 
‘which happen in the same place with respect to che 
fone platform happen in dierent places with respect 
to the other. The greater the Zelative velocity of 
the two plationms the greater the spatial separation 
of the two events will he, and the greuter will be 
the discrepancy between che two measures of the time= 
lpoe, 

‘This coonexion between the spatial and tempor? 
separations of & pair of events comes out still more 
early whea we consider a more general case, which 
runt anyhow be treated for the sae of completeness, 
We have assumed $0 far that the two events whose 
temporal separation wat ta be measured happened at 
the same past on one of the platform. Let us now 
suppose that » certain event happens at B on fy when 
the clock there reade 4- Let 2 second event happen 
4 C on fy when the clock there marks fe 

‘Then thetimeapscas measucedon 4, is ieiue But 


Ira bal ta 





sad te taact HE) 
Whence theta Bullet) + Bene: 


Now suthaltt toh) 
Fen hse ted 
Whence sf Bulg Aiel+ Pea 
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Whence te ty= hate fa) + My) 





or te ham lle tat Fite Oh 


‘Thus che Gine-lapse betwens (wo remote evrats has 
‘diferent measure according to whether ite detar- 
‘Bloed by clocks which are at rest relatively to the 
vents, or by clocks which are in aciform rectliseat 
Motiog relatively to them. The discrepancy bermeeo 
ie two measures depends on the spin! separation 
boeoween the two events, io the dicection of relative 
motion ofthe two platforms. Equation (6) expresses the 
relation in terms of the spatial separation, a4 measured 
by observers waoare at sexe relatvely tothe two venta: 
squation (9) expreses it i terms of the spatial separa- 
Aion as measured by observers who are in unifors, 
reatitinear motion celatively tothe two events. In par: 
ticular, let us suppose that the two events are contem 
porary as judged by the clocks of their ovn platform. 
‘This means Oat ty “ye - Then they will not be contem: 
porary as judged by the clocks on the otber platform, 
for fy—he will be equal to TEkse—z,4) ‘Thus che tem- 
poral srpuntion with sexpect to 9 will increas with 
Ge spatial noparation. 

‘The upshot of the whole eater is to show how 
inextricably our measurements of distance and of timer 
lapse are Bound wp with each other. It ls now quite 
evident that any attempt to measure lengths of bodies 
‘whlch are moving relatively 10 ox involves judgments 
of simeltaneicy. "On the other hand, a pait of events 
‘which are simultancous with respect 00 a certain plat- 
{oem, aod are separated in space with ceapect 10 (iat 
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platform, will be successive with respect to any platform 
ut moves relatively to the first; and the time-lapse 
between them with respect (2 the second platform will 
depeed on the spatial separation of the two events. {t 
in only pairs of events that happen doth at the same 
place aed at the same date with respect co some platform 
‘which will happen at the same place and date with 
‘expect toll platiorms that move with uniform reotiinea? 
velocitios relative to the fist. A pair of contemporary 
events, which aceupy different places with respect to the 
platiorm in which they are-comtem porary, will be succes 
is W other platiorms that move welatively to tbe 
‘of successive events, which occupy the 
place with respect to cermin platform, will occupy 
difgecent places with respect to all other platforms which 
‘mown relatively to the frst. The laste fact was famdiar 
‘aough before the Theory of Relativity wax developed. 
{1 cravel ta Scotland and eat my huoch in the dlaing- 
car, the two events of eating my soup and drinking my 
coffee are muccessive ; and they happen in the same 
place relauvely to the train, viz, at my seat in the 
ining-car. But, with respect to the math, they bappen 
at diferent places, «., at Grantham and at York. The 
fact which has only lately been recognised 1s that the 
name applies to the dates of events which happen 
different places. If the watches of the travellers und the 
‘officials on the tcaic had been set, by the same principles 
a clocks are set om the earth, while the train was in 
motion, we should awe the following result: My 
neighbour and ( might each take a mouthful of soup at 
he same time, as judged by our watches ; but, ns judged 
I the clocks on the earth, his mouthful would happen 
later than eine, if 1 were facing the engine and 
Jon had his back to it. And the difference in date would 
bbe proportional tothe width of the tablet which we were 
both siting. The reason why this point has long been 
‘otivious ubout Space but has needed very delicate expesl- 
ments to force it on our attention as regards Time ia 




















YIRST THEORY OF RELATIVITY x 


the following: The separauon between Grancham and 
Yoo ig grose and uomistanble. “Bat tbe amparation 

vine barweon ery moorbfel and wy aeighbour®, ex 
Judged by clockn on the ext, ia proportional ta the 
ratio of the veloc of the tram to the aguers of the 
Welocity of Hight (see equations $ xed 9). Now the 
velocity of light 1s enormons as compared with thet of 
the treloe on even so afiiest  milway ax the Great 
Northern, and 9o the temporal separation ix negligibie 
and can only be detected Indivedly Drough the negative 
‘eauks of auch deliate experiments as the Mlcheluan~ 
Mortey. 

‘We see then that fa the long: ruay the Theory of 
Relativity us more wholedeartedly relational than the 
traditional Relational Toeory of Motion which we 
incuneed in the last chapter. For, accordiog to i 
dat only isthe spatial separation of successive eveats 
‘lative to the syatem of co-ordinates crasen, but alto 
Gs tacnpor) separation of two events ia diferent places 
in relative & the system of co-ordinates and the clodt 
ssciaied with them. 

The Retiriad Phymeal Prncple of Reltry. 
send this chapter by tying to sate this phys 
Clearly, and theo to expla it. It may 
follows: The laws of any physical phezomenon hare 
the same mathematical form, whether they have been 
‘Uscovered and verified by cigervers who wore at reat 
felnthely to this pheaomenon oc by obwcrvers who 
rere moving relatively wo x with » wailorm reclineart 
Selocey. Let us naw ty wo ne exactly what this meas. 
‘The law of any phonomenoo, when expressed in 
‘mathematical form, i «diflerental equation cosnectiog 
some measured quantity which u observed in a certain 
Place xt « cerain tine with some other measured 
‘Quanciy which Is observed in some other (ori may be 
‘ho sams) place at some other (or i may be the same) 
time, The law wil also Iavolve the damace between 
the wo places and the timelapee between the &wO 
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dates, Maxwell's equations are a perfect example 
of a physical law. Now it is clear chat such Inve 
are, in the end, verifable only in oo er as they 
express relations between actually measured magnitues, 
auch as clockreadings, deflexions of galvanometsn: 
for magnetometers, mumber of weights put into xbalance, 
number of times that « certain rod bas to be laid down 
‘w get from one place to another, and soon. Wemay 
Jabs these measures to represent 90 much time-apee, $0 
(greet a current or magmesc force, such and such = 














wwe may, if we like (and if we can caake clear what 
‘we man}, raise the question whether these actual 





‘eoreseat the ‘‘real” physical magnitudes in question. 
But, 60 far ax our laws and theie verification are voa- 
feeened, the suawred eoagnitodes ace the important 
things, and the question of what they stand for in 
the physical worid is a secondary mater of theoretical 
interpretation. Exg., Maxwell's equations, 0 far as 
they cas be verified, state relations between the readings 
‘of electrometers, magmecometers and galvasomicters in 
various places; the readings of clocks in 
and the number of times rods have to be 
{get from one piace to another. 

Now it is me true, and the Physical Principle of 
Relativity does net assert, tbat if oe observer ix at rest 
‘0h his instruments relatively toa certain phenomenon, 
‘and a second observer is Ia sniform ation with is 
inatraments relatively to the frst, the cocresponding 
jnacruments of the two observers will give the ave 
roadings. We already now in fact that they will 
scribe didlreat ime-lnptes and dificrent spatial separe- 
tions to the phenomena ander observation. And the 
same is trun in general of their other mexsarements. 
Suppose, 4g that onc observer with a magnewmetcr 
and a quadrant clectrometer is at rest with respect 
(a charged particle, and the other observer, provided 
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with similar instruments, ws in uniform rectilinear 
motion with respect t the frst. The fret observer's 
magnetometer will give a 2ero reading, whilst the second 
‘observer's will give a finite reading. What che Physical 
Principle of Relativity doar assert, and what cs true, 30 
far as we know, us the fallowing proposition: The 
equations which isterconneet the raadiogs of one 
observer's instruments with each other and with his 
‘measured distances and time-lagses are of precisely 
the same form 2s those which intercoonect the read 
Ings of the other observer's instruments with each 
father, and with Az measured diatasces and tim 
‘apses. 

To put the principle formally, let vs suppose that 
the observers an , are xt rest with rexpoct to the 
phemomaaon in question. Latte eievent meng 
‘of their mensuring instrument be Py Qyy Re 
poly tanory in imepinryreie tie gey eters 
them, be d and 4, respectively. The velocity of the 
phenomenon with respect to them i o. Suppose they 
find that theae various readings are connected with exch 
other and with the measured distances, timelaptes, 
and velocity, by the equation or sat of equations— 

He Qe Ry 2 5s Ai Om. 

Let the correspondiog readings of the observers on 4, 
who watch the same phenomeron be Pu Qy Ry + - 
Let their measured distances and time-lapves be 4, 
and 4 respectively. With reapect to them of course 
the phenomenon under ohserration hus the measured 
locity ty Then ther readings will be connected 
swith each other by the equation or set of equations— 











Now what the physical peinciple sates is that # i che 
name at. This may be briefly summed up in the 
statement that, accardiog wo the Restricted Physical 
Principle of Relativity, the laws of nature are eo-rariant 
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‘with respect to the spacotisie transformations of the 
Special or Restricted Theory of Relativity, 

eis importaat to be quite clear at bo the coanexiom 
beeween this principle acd the invasiance of the 
meatured velocity of light with respect to all observecs 
‘who move celatively to each other in straight lines with 
Ainifoem velocities. This later fact seither implica or 
is implied by the physica! principle, though it is of 
course compatible with it, Tt i obvious that a fact 
About light cool not by ire logically 
‘About all natural phesomena whatever, Conversely, 
the physical principle only implies that the mesaored 
velocities of Tight wich reapect ta all observers will be 
the tame Junction of their respective measurements of 
distance and timetagse. It dows not imply that all 
thene measured relative velocities wil have the Jame 
mumeneal vale That they do in fact have the sume 
smumerical value is an uncovensnted mercy, revealed to 
tus by the Micheson-Morley and other experiments, 
Thin fact is of immense practical imponance, because 
it enables us to dnzg the Physical Principle down from 
the clouds and apply it w get concrete remsien. For 
the invaruce of the measured velocity of light enables 
ts, in the way that we have described, t0 reach the 
‘wansformmtions for space and time, 4 10 express 
and 4, in torms of , and % Having done thin we 
can mee how Pyy Qu Ry - . mutt be related to Py, Os, 
Ry. « - in order thet the form of the laws of any 
phenomenon may be the same for the observers 00 i 
4s for thove on fy The result i tha, if we once know 
the readings on te instruments of as observer who ix 
at rest with respect to a phenomenon, we can calculate 
the corresponding readings of the instruments of an 
observer who is moring with uniform rectilinear veloc 
relauively to the phenomenon. This i of course an 
Immensely important power to possess. 

If we accepe the Physical Principle we aball have 
to inventigate all alleged Jaws of nature to soe whether 
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they agree with it, 2., whether they be oo-varient with, 
respect to the traasSormations of the Special Theory 
of Relativity. Some alleged laws of oature, we find, 
‘ave already in the right form ; Maxwall's equations are 
‘4 case in point. Others aze not, ag., the Conservation 
of Momentum, on the traditional view that mass is 
independent of velocity. Such examples ailghe, at first 
aight, be wien a casting doubts on the principle, 
Here, however, there are two points to aotice (1) If 
the principle be true and the ore wrongly stated, 
in not sueprising nevertheless that the laws have seemed 
‘a be constantly verified. For the divergence would 
only begin to show itself when we daa! with velocities 
which ace comparable with that of light. Now of 
‘cours the velocities of ordinary bits of matter are quite 
negligible in companson with that of light. (2) Aw 
000 as people did come to deal with matier moving 
with very high velocities, as in che case of particles 
shot out from rudioractive bodies or from the poles of 
‘vacuum tubes, it was found hat che crad:tional laws 
und to be modified, and that the modification was io 
the same direction and of the same onder ay that de- 
‘sanded by the Physical Principle, The strong point 
about the prisciple in such cates is this: If you keep 
the traditional form of the Saws and try t0 reconcile 
them with the facts aboot particles that move with 
velocities comparable to that of light, you have to 
make special Ptyreal hypotheses as to the nature 
‘and minute structure of mattar. The other plas, of 
modifying the laws tll they accord with che Physical 
Principle, has the advantage that it accounts for 
the experimental resalts, and requires no special 
‘physical hypotheses as to the mature and structure of 











‘Whib dhe further development of the Theory of 
Relativiey, and the further modiGcation of traditional 
physical concepts which this euculs,{ will deal inthe 
Bent chapter but one. 
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‘The following works may be consulted with 
advantage — 

A Scanascatn, Faery of oictrty. 

1M SeHticR, Sfon at Pane rm Coniogerery Phyace 

1 Cownrncnas, Raat, Stren Thoryca Grado. 

[Te render may bere be warmed that mex popolar 

expositions af the Theory are either definitely wroag, 
0 9a lovely expremed ax to be dangerously misieading 
fend that al! pamphiets aguiast It—even when iasued by 
eminent Oxlord txtors—are based on elementary mis- 
‘understandings.} 








CHAPTER V 


{Dv Ramchegung dcr Frog tan a aoden werden, 
oun yon ft Suter Soh ‘sewn 





‘The Traditional Kinetics, and tts Gradual Modification 
in the Regioa of Phyaica. (1) Newton's Laws of 
‘Motion and Gravitation 


1 Bo not propose 10 pass directly from the Special 
‘Theory of Relativity, explained in the last chapter, 
‘wm the General Theory of Relauvity. The latter is 
largely concerned with the laws of motion and the law 
‘of gravitation, and 90 it will be more profitable to begin 
hy discussing the traditional form of these Thus this, 
chapeee will be more clasely cocnected with Chapter [12, 
and the next with Chapin IV. 

‘Newton's first law of motion states that, under the 
action of no forces, x body continues at rest or 
toniform rectilinear motion. This statement, a it tande, 
is meaningleas if we do not assume the Absolute Theary, 
‘und is a meen pious opinion incapable of veriBcation oF 
refutation if we do assume that theory. if we anrume 
the Relational Theory, it is an incomplete satement, 
IF all motion be change of position of one body with 
respect to others it is useless to tall: of rest or of motion 
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in a stnight line until we have specified what set of 
Dodies weare using as our axes of reference. Tam at 
rest with respec: to my room and in motion with respect 
to the sun. The planet Mara is describing an ellipse 
with respect to the sun and a very complicated curve 
‘with respect w the exrth. No doubt the lew, as origin- 
ally seed, professed to apply to motions in Absofote 
‘Space. But, as these, even if they ex 









trrocture of tha Beam Trinity. ‘The fret ting needed 
then, isto aasign owe axes of refarenca. I aaname these 
to be the fixed stars primarily. But i follows from the 
form of the frat two laws tbat any set of axex whieh 
in in uniforon rectilinear motion with respect to the 
fixed scare will do equally well, provided we ake tradi- 
tional views about the measurement of Space and Time, 
tnd do sot at present introduce the complications whic 
vemerged es the last chapter. 

‘Even wheo the spatial axes have been fixed thore 
rwumained wo uaexplained terms, vis., amifereily and 
Joa, Let 8 begin. with vniforsity. Uniformity of 
‘motion is meaningless unless it refers to absolute 








‘covers equal distances in equal lapses of time, If we 
‘take the Relational View of Time 2 laps of time 
felatlon between two events; and, even if in theary 
wwe take the Absolute View, it is only inpses between 
‘events that cam actually be observed asd meanured. 
t jy therefore astumed that we bars some process 
‘which socognisably repeats iteelf, and that the time- 
lapse between corresponding sages in each repetition 
the same. A uniform motion is oe that covecs 
gust disunces duriog the same mumber of repeitioes 
vf same standard process which isitelf Isochronous. 
“The question at once asses: How are you $0 tell 
thee your standard process is isochronous, 4 that tbe 
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time-lapse between corresponding stages in a 1s always 
thesame? Ifyou determine Uus tndurectly by mechanical 
argueents the Brat law of rouon becumes a tautology, 
foe you will Sst use arguments based an the law to 
prove that auch and suck a process is ‘wchranous and. 
will them use this process to give a meaning to the 
uniformity of motion, which the first law is about. 
This fallacy 19 nor, of course, comsonly committed in 
20 glaring « form. " But, in a rather subtler form, some- 
thing very lke it icone. Os common andar 
of faochrony is the successive swings af a pendulum, 
Suppose then we define untform soton with respect 
to a certaic set of axes, 3 motion that covers equal 
iditances with respect to these axes during auccessive 
mings of A pendulum. So far no fallacy inas been 
commited. But if we very the first law experrroent= 
ally on this definition of uniforrary, and then later on 
‘use the firs law as the bases of an argument 10 explain 
that the pendulum does act take quite equal times for 
quceessive swings, and tw correct ils ercort, we do 
commit a fallacy. 1f uniformity of motion in the first 
law yost mens uniformity x compared with a pendulum, 
anyone who alteewards says that pendula do nit more 
{quite isochronosaly cannot continue ta use “umformty’ 
the original sense in which rt way used in formulat- 
id the first law. And thea two diiculties will arine. 
(0) We must asic him what process he 1s now taking 
as hig standard, since # ty admited that ualformity, if 
WC ts to be obsecvable and measurable, must involve 
2 comparison with some standard physical proce. 
(2) We may remind hin that, ifthe fies law has been 
‘verified when uniformity is interpreted by reference 10 
sspendulure, wo argument resting on the law can fichy 
bbe sed to prove that pendulums do not ux cha sare 
more isochronously. Whilst (3h if the law be sf 
accurately teuc, when uniformity is defined in this way, 
ft ogyhe aot i be used w prove anything unul exther 
(0) ie has teen modified so a5 to be accurately tewr an 
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the old definition of uniformity, ox (H) a new measing 
sf uniformity has boe= given in which it is accurately 








“There are in fact only two alternatives open t0 us. 
‘ither the frat law it simply a definition of uniform 

in which case it maduoes to the sutement that a uniform 
rotion means one that takes place ander the action of 
no forces. Or it is a subsmuncal alatement, in which 
case some standard process or set of processes must be 
judged ramediately to be isoebronous and used after: 
‘wards us the criterion of uniformity. 1 chink itis quise 
certain that the fiat alternative in not the right one St 
twos quite clear that the moemrar of uniformity or of 
jnochrotioms has nothing 19 do with the laws of motion. 
People judged certain processes, such as the 
Of pendula the burning of caclen i the abecnce of 
draughis, the descent of sand sn hour-glasses, etc, 
‘wochronous long before they had thought of th 
Question whether forces were present or abseat. 

‘We mast therefore tke the second alternative. This 
implies that, under favourable circemsminocs, we can 
directly judge equality of time-tapees, just ax Wwe ox 
sudge equality of leogrbs. This seems to be true. It 
does not of course imply that such judgerents are 
infallible. And the question arises: Can we ever con- 
‘isteatly correct our standard process by means of laws 
which ace in terms originally defined by it? I thlak 
that we can and do, and that the logic Of such » pro- 
cedure 12 well worth considering. 


























1 take iethat our immediate judgment tbat the tice 






‘very approximately true, if we 
be at rest with respect to It. Suppose we take this an 
ur original standard af igochroay and define unifocmity 
by means of it, and that we find that, with this defini 
Hon, the first Saw ig veriGed over a wide range. This 
verification mgain will only be within the limits of 
exparfmeatl erroe. Now, cuppose we apply the first 





TRADITIONAL KINETICS 19 


law, thus staid and dhs approxiautely venied, to x 
very Jarge number of phenomena, We mey find, a5 we 
smucnd Our observations and make our measurements 
‘mare sccurate, that 2 great momber of phenomens. are 
‘rey appraziautely, but not exactly, in accordance wh 
the frat law. There are, we will suppose, small residual 
efixta left unexplained in mumber of cases. At this 
ftage two alternatives are open 10: 
the firs law, a3 ongivally stated, and hold that seal! 
iturbang causes are operating, in all the exceptional 
cases, We may thes put forward physical hypotheses 
to account for these. Or (3) we may say thatthe first 
aw, a3 origivally stated, 's not accurately true, Sup: 
ose we find chat a single slight modifcaton i i will 
‘account (or afl the slight inaccuracies is the predictions 
based upon it. Obviously it is more reasonable (0 
mak this one modification than to put forward dierent 
‘supplersentary physical kypatheses in exch case which 
the original law fats accurately to accoust for. Now, 
‘this modifianon of the first aw mughe itself twice place 
fn wo alternative ways (a) We might my: “The 
pendulum is accurately igachronous, and under the 
action of no forces, bodies more with very searty, but 
not quits, uniform rechlinear motions with respect 16 the 
fixed stars." Or we might say (8): The swinging af 
pendulum is an approximately, but not exactly” iso 
‘chronous process, and therefore a body that moves 
‘uniformly,’ as jodged by a pendulum, io rot really 
moving unifermiy.”” If we assuese tat the times taken 
bby succemive swings dier by a certain very small 
amount, we may be able to keep the form of the frst 
law unmodified, and yet accurately expinin all the thes. 
So, in a seove, you may aay that the frat law was 
focauiated in terms of usiformity, as defined by a 

datum, and waa thes used to show that such 
usiformicy” is not quite uniform. Is thera any 
Jogical objection to such a process? 

‘Not if we clearly understand what we are doing. 








t) We ay keep, 
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We did not start by defining equality of ume-lapses to 
ean (he relation between the successive swings of = 
pendulem. We simply said that these two durations 
‘could be immediately perceived to be in fact very nearly 
‘equal. We admitied that this judgment might quite 
well ignare differences too small to be immediately por. 
‘cerved. Agatn, we find that, with the sense of uniformity 
which is based on the assumption that pendula are 
accumtely isochronous, the first law 1 tue within the 
Timits of unaided observauon. Mare extended and more 
delicate observations Forced us either to modify the law 
itaelf, of (0 make a large mumber of supplementary 
physical hypotheses, or to ryect the view that peaduln 
arc exactly isockronous, We preferred to take the Inst 
fof these altercatives, The result w that both the law 
‘and the standard of uniformity contain & sal Jeaven 
‘of convention and a large mass of substantial experi. 
mental fact. Uniformity is tested by a standard physical 
process, known to be nearly isochronows, tut slightly 
‘cocked,” #0 48 to keep the form of the first nw fixed. 
‘The first law is known to be very nearly true, even when 
uniformity is tested by the uncorrected procans ; but the 
teat for unvformity ia shghtly changed, 90 a3 to make the 
aw, 1a ite original verbal form, quite true and yet 
ble with all the facts, 

‘This mixture of eanvention and observation 1s very 
common feature ia scienufc laws, and is unobjection- 
‘ible on three comditions: (z) That, even without st, 
the law is veviGent very spprusimately over a very wide 
ranges (4) that the amount of "cooking ” needed 
below the ‘of possible direct observation ; and 
(3) that, wath ig the law: keeps ics origina} sirople form, 
and yet cow socounts accurately for al the facts without 
supplementary hypotheses. 

‘The remaining ambiguous term in the Grst law 
is Fore, Granted that the first Inw is not a deBizition 
Of uniformuy, it might still be beld to be a definition 
ofthe absence of famces. fit is not we be this, but 1 10 
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bbe & substantia! statement, the following ooaditions 
‘must be fulilled. We mutt, in exrtain cases at least, 
be able to know whether 2 Body is or is not acicd op 
by forces, independently of knowing whether that body 

in fact roving weilormly in a a0-aight line in the 
sense defined above. For the frst aw says that, under 
the acton of no foress, bodies rest or move uniformly 
in right lines If this be an experimental fact about 
ature it must be based on observing bodies which were 
known to be under the action of no forces, and finding 
that they always rested or moved in straight lines with 
‘eapect to the fed stars with a velocty which is anwform, 
as judged by some standard process, corrected, Hf 
‘ecestary, an the way discussed above, We must 
therefore asic: What do we mean by force, tnd can 
‘we ever tel, apart from the laws of motion, whether 
forces are acting on a body oF rol? 

‘Toanswer this question we shal ited to take account 
‘of the second law of motion as well as the first. Many 
‘eminent men have held that the nation of forve ws necd- 
Jess and uualem in Mechanics. Their view 1 that the 
so-called second law of motion 16 not the expression 
tf an experimental fac, but is simply a definition of 
fora: 90 that, wherever the later word occurs in 
‘Mechanics, we can substitute for it the defn 
3m the secand law. Now, the vecond law may be pit 
fn the form that the rate of change of momentum of 
particle at any moment in a given direction is equal 
tw the force which is acung om the parti 
moment in that direction.“ Direct 
wolves a tacit reference to some act of axes, and 
‘ute of change " mvolves a relerence tn some standard 
process for tise measurement. These may be taken 10 
be the same as those which bave already been fied 
‘upon in discussing the Srst law. Now, we mig regard 
fhe scoond law in two different ways: (2) We might 
suppose that we already know whar me meas by fore, 
and already have a method of measuring its magnitude 
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(On chat viow the sezond law 1 a aub- 
‘antial statement expreniog the observed connexion 
in mgsuude and direction ‘betweeo a force and the 
rave of change of momentom of m partele. (2) The 
ther view in thatthe second In sonply gives a meaniog 
to theword "fore," and defines the phrase “a frce of 
such and sich a magnitude acting tv much and auch & 
direction.” Tha iter i is for some reason 
‘or other, considered tobe tremendously hardcbeaded and 
‘"aclentie:" the former to savour of metaphysics. We 
‘hall te that, alcbough dere fx a certain anount of ruth 
Snderiing the second view, iis greally exaggerated 
And has fothiog 10 do with any enuthesia between 
een aeas 

te aemt clear to me that no one ever does meas oF 
ver haa means by "force" cate of chaige of moment. 
I'm certzin tnt the second fav, aa originally stint 
weas sot intended for a. definition of force but for & 
ubwariat sintement about ie. Unquestonshly the 
‘enaationat atin of the acentise concept of force in 
the feelings of strain that we experience when we drag 
heavy body along, of tow stone, or bend atom. 1 
fo not understand teat this Bstorial fet is denied ty 
the upholders of the “descriptive” (or better, *'defini~ 
tional”) theory. What they would probably may is 
tan in thin scan, force la purely human and har 60 
relevance to the laws of Mechanica. Wa cannot 
sevously suppose, a, thatthe sun feels strain in 
terping the earth ints orbit, as we do when we whir 
weight on a neg. Heace i i argued hat what we 
‘ma when we 287 that dhe sun ents a force On the 
tarth, cannot be derived from the experiences of stain 
‘hich we fel. hin there are Ono anawere to this 
41) We must distinguish between our feeling of strain 
ard the stains that we fel, jst a3 we must diinguish 
‘recs oar feling of overeat and the movement 
which we feel ourselves o Be making. Force is not 
seppoced to be our flings of strain; i i simply 
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‘sappoted that the rains which we feel are forces, ar 
ase indications of forces. It is of course absurd to 
‘uppose that the sun fecia a strain wheo # pulls the 
‘arth; bot this is absurd, not becuse the won Could mot 
be mibjct fo a sraie, bot because —baviag no mind—it 
‘cannot fu a straia or anyibiag ele, Ita thus perfocly 
fonsistnt for x man 20 describe forces as the sort of 
factors in nature which reveal themselves tous dirextly 
In our feelings of strain, and to add that inanitoate 
odie, tke the sun, are subject to forces. (2) The 
argument under discussion, i pressed, would make it 
Attuareasonable to sey that an inamuatr body like the 
arth is round or rotaies as &o oxy that sti acted on by 
forces. Far there is no kind of douts that ose concepts 
of roundness and rotation are founded upon sensations 
of sight and touch. IF 1 had not had sensations of 
round or approximately round object 1 should no 
more know what rowndnair means than a colourblind 
rman knows what red means. The person who uses the 
argument about the sun not fcling strains, as an 
objection to the view that the feck of strain 19 the 
senatiosal expacienes which gives a measing (0 the 
concept of force, may be invited to consider the fllom- 
ing parallel acgument: "How can the concept of 
rouadaess be based on our seatations of sight asd 
touch when the earth, which can neither abe for fel, 
ia admitted to be round?” The answer of course 
that the earth Aar the soct of properties which we have 
become acquaictal with by seeing and feeling, and that 
He doen not ted to moe or fel in order to have them. 
Similanly, there stems to be no reason why the earth 
should ot be aabject 0 forces which it dots nol 
feel, whilat forces ate the aor: of aatsral fac which 
wwe become acquainted with through our foliage of 
seain, 

T think then that we may quite masooably holé 
‘that the stains that we fol are the original sensations! 
data on which we bave based the concept of physical 

















164, SCIENTIFIC THOUGHT 


force, ust as coloured and shaped patches sensed by 
tus ace the original seasational data on which we have 
‘based the cuncepte of physical shapes andotours The 
descriptive theory simply puts vur sensations of sight 
and touch into 2 quite ierationally privileged posit 
as compared with our sexaations of stramm. We shall 
ate lar on, what amount of fraction! justietion there 
in for ths procedure 

Now, even if we confine ourselves (othe crude data 
of muscular sensacion, we cas distinguish the factor uf 
irechon and gagamtude. We have to exert ourelves 
more to throw a heavy hammer than to throw 
sane wah the same velocity. Aod to make a thing 
move in a given direction we have got 10 adjust our 
bodies so as te push, pall, o throw it sn that direction. 
‘Thus force, as actually sensed in our feelings af stain, 
1s obviously sn ough general agreement with the second 
fae, when the surtace of the earth is takes as ou: spatial 
axes and any common race measucer 23 ou: standard 
‘af time. The trouble, of course, 2 that Gt strains are, 
and remais, vague both ie magnitude and direction, 
Moreover, moat of the forcer with which we have to 
ideal 1s science are not elt by us.as rains. Wecannot, 
then, base @ satslactory scienttic meassze of force on 
felt steams, But this is not a peculiarity of strains. 
Tis equally true of felt eemperatsren. The seeeuny of 
temperature and of force is decived ‘com felt hotness 
and (elt strain respectively. A person who had oo 
‘uch sensations would not woderstand these teres at all 
Again, both these felt characteristics bave a perfectly 
otlceabte though vaguely discriminated intensive mag- 

ide. We want to define methods of measurement 
in each ease, which aball agree in the main with our 
rough iramediate juxigments, but shal! be capable of 
much greater accuracy, and of application ts casas 
‘where the seasanoas cannot be got at all. This is what 
& thermometer does for us, in the instance of tempera- 
‘ure; but no one "except a Goo! of a2 advanced thinker” 
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(00 quote Me Bradley) imagines that what we meen by 
temperature ix the height of a cousin of mercury. 

Tr any cxze, then, tbe second few is nota statement 
of what ia meant by force. But it ight stil be merely 
In ttatemeot of how force i to be seacsured for scientific 
purposes. [will be so if the oor snd only way of 
measuring force is by measuring mate of change of 
otsenium. If, however, there be avy independent 
way of accurately desermining the direction and magni 
(de of a fore, the sezo0d law vill be aeither« deal. 
Won of force nor = mere statemest as to how itis to be 
scientifically measuced, It wil be 2 substantial sato- 
ment aboul force. Now 1 think i ia quite evident 
that, in favourable cases, we can measure force without 
reference to rate of change of momentum. Suppose a 
umber of strings are atached wo a body: that they 
then pass ovee pulleys; and have weights attached 10 
hem, Then the momentary directions of the strings 
ive a clear and measurable meaning to the directions 
Of the forces, and the weights give a clear measure of 
heir magoitudes. And these magaituses and dizec- 
Aone are! (1 a fair agreement wits wht our sensations 
of strain tel un in all cases where « comparison can 
bbe made: (a) ace far more accurate and definte, and 
can be delecmined in caves whece we cannot get pen 
satons of siraia and (3) are quite independent ofall 
reference orate of change of momentum. The second 
law fs, therelore, neither a deSniton not a sitraent 
sito how force is to be measured; but in substantial 
ropotiios, assertiog # concezion between wo iate- 
pendently measurable sets of faces im nature. Of couse, 
nce this connexion between the magsitude and dizee- 
tioa of force on the one hand and the rate af change of 
momentum of a body on the other has boon established 
from a study of those favourable cases where force can 
‘be measured independently, we can use the law 10 
measure indirect the forces which are acting in um 
Iavoursble cases, where dicect measurementis impossible. 

















feruste the magnitade af the pull o this. But | now 
tie this method, noe because C mean cate of change 
‘of momentum by " Garce” aor because thi is the only 
possible way of mamaerng fost mcaratay, tit because, 
{nthe past and fa more favourable cases, have been 
ible to measure force independendy, and bave found it 
to be proportional 0 ate of change of momentum. 

Soler then we have sot seco anything iz Gvaur of 
te“ deariptive "theory of foroe. Yet believe that a9 
Jmportnat truth underlies i nod that it bas been abocured 
by careecanaas of statement. ‘The typical deseriptioniat 
Afeoreally combines the two views that fret just wean 
fate of change of momectum asd that free is aol 
tluieately x very ftsportant conception in Mechanics. 
He often ives tee former as a. reason for the Inter 
‘propaskion. We have seen that the former ix falas 
‘And in any case it ia incousiaest 10 combine it with 
the latter. For, if forse just meana rate of change of 

mentum, and if foree be unimportant la Mechantcx, 
it follows inertably that cate of change of momentum 
in unimportantio Mechanics. And a0 ose ia bis eon 
‘would mainais this proposition. belies the truth 10 
be that force ne er ultimately © very important concep 
tion ia Mechanics: although this 1s aot implied by the 
view that force means raie of change of momentum, 
and although that view about che meaning of fora 
mizaken, 

Twill zow ty 10 explain why T hold this. To know 
‘what forens are actiog on 2. body you need ta know 
‘what other bodies, near and far, are made of, what 
Physical and checsical states they are in, and £0 00. 
For instance, whea magnetic forces are under discussion, 

fs vin « know whether the moving body and thos 
its neighbouchood are made af icon or of wood, asd 
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soon. Agzin, when motion is produced by impact oF 
impeded by friction, i is vital & know the eamtictes 
of the bodies and the state of their surfaces, Now, 
twhea we refect on the special laws of nature which 
valve these special properses that vary from one bit 
‘of matter to another, we notice that fowe simply acts 
as a land of aiddle torm berwoon the special Sawa of 
mature and the general laws of motion : and Qrat, excapt 
for convenience of expression, it might be dropped. 
‘You may regard the laws of motion as being exprestct, 
by equations with force on oe side nnd ratzof change 
cof momentum on the ether. You may regard the apecia) 
laws of nature as being expressed by equations, with 
{forces on ose sida and the special configurations, eleci1¢ 
charges, magnstic properties, etx, of the bodica that you 
tre dealing with, on the other. Thus you might just 
4g well express the facts by a single set of equations, 
directly connecting the configurations, charges, etc, 
with the rate of change of momentum, and drop she 
mention of force altoguthec. In practice this » what wn 
generally do when we get the Snal equations for solving, 
17 patucslar problem. To take a very simple case, 
{he nal act of difleentia’ egeatoes forthe motion of 
a panic ina centa! orbit contains nothing thet sands 
for force. They consect the rate of change of mamentum 
of the particle dimetly with the mans and distance of 
the attracting central body, and with the gravitational 
cossrant 
“Why then do we trouble to keep the concept of force, 
and why were the laws of Mechanics stated in terme of 
1? The main advantage of leping it s when we want 
to make general stziements. We wast to be able 9 
state and discuss the general lava of mobos, without 
feference to aay particular cause which produces or 
suodifes motion. "It is thea convenient to Imp to 
qrther every much cause under the common same of 
force. Again, we want to be able to state the special 
awa of mature (2., those of electricity or mageetiam), 
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without referring tothe particular motion of some dafizite 
body in some definite syste= of otber bodies. It ix 
thea convenient wo use the term force for the eflct of 
‘ny such system on « hypothetical particle af unit mess, 
‘When we pass from general statements to some deat 
problem the potion of force becomes useless nnd ops 
ou. Now many, though by oo mesos ally material 
inyntems which allct the motions of a body also cause 
feelings of stain ia owe own bodies. “That is why force 
does not appear to us at a mere mathematical parkizeter, 
although this ie the positon that it actually comes to 
‘cocupy in the treatment of coscrete problems. Lastly, 
material systems which affect the motions of bodles 40 
also produce other measurable efecs, such as balancing 
‘weights on strings over pulleys, or stretching spring 
balances. The fast and second Ines are really sate~ 
ments about the observed relations between Diese latter 
dices of materi) systezss and ther affects in modifying, 
the motions of bodies. 

We have now cleared up the notion of force, s0 far 
as tin common to the Ss and teoond wf the traditioaal 
laws of motion, But the second law anvolves another 
concept, vit, that of mais, and this we must now discuss, 
‘The momeninm of x body is éefined as the prodact of 
its velocity by its ass. Ali that we peed say at present 
about It velocity 1s that its magnitude wad divection 
‘must be determined with reference to a suitable act of 
material axes, euch ax those given by the fixed stars, 
aod 2 suitable physical timemensurer, such as a0 
‘ordinary pend 

‘The factor of mass actually enters into the traditional 
Mechanics ia two quite ditiereat ways; and iti simply 
fa strange coincidence that the two ikinés of mam att 
‘Proportional ‘a each other, 20 tha, by « suitable choion 
of nits, the two masses of a body have the same 
measure. We may call he Oro kinds of mess rover 
onal and inertial sespectively. The fest in the mame 
that i mentioned in the law of geavitatios, the second 
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is the mass which us involved in the second lew of 
motion. At present we abafl deal with inertial mass, 
A factor which ocesrs equally 1n every kied of motion, 
‘whether produced by impact, gravtatica, electric or 
tmageetic attraction, or any other cause. We will str, 
as we did in treating force, with the crude data of 
sensation, and consider what feature itis in these whi 
forms the basis ofthe seientic concept of inertial oans. 
If we take two bodies which are gooaictrically czacty 
Alike, say a ophere of wood and an equal sphece of 
Plitinam, we may find that we have to exert ouraclven 
toa markedly diferent extent to eiake tear move with 
the maie velocity relative 10 the same axet and the 
sane timemeasurer. We Bave already seen that, with 
2 single body, og, the wooden aphere, we have 10 exert 
‘ouctelves more the faster we wish to make it move. We 
tee then that the efort at we feet ourselves exerting 
‘vhea we try to make & body move depends on two 
factors. ‘One of these is the velocity which we give 19 
ttebody. The other isa factor which appacently depends 
simply on he nil he ysl ti the ater 
‘which gives us the primary meaning of merhal mest 
Te aay cen na oseae oly alow ea Very 
cede mexsues of magnitude, We therefore need some 
tucthod of measuring ease which shall agree fro ares I 
its resuls with the rough judgawnts based On Our ex 
Desiences of Gor, but shail be capable af much greater 
secur. 

‘Experiments on the impact of bodies give una means 
of accurately measuring inertial mass. io. favourable 
cases. When two bodies B, and B, bit each other, it 

found that we can ascribe a sunerical coeficient mi 
to B, and a coeficient wg to By such that if and ay 
be their respective veioctties before and o, and n theit 
respestive velocities afer the colision 























‘What we have fearat at this stage is that (1) the two 
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eoeficients are independent of the velocities # and 
p_And (2) that, for ery pei of bodies, such 4 pair of 
Coefficients can be foond. But, suppose that we first 
ay the experiments with a pair of bodies B, and By, 
and then with B, and a third body By It is ante- 
cedently possible that aug, the cocticient which has 
1 be ascribed to B, in its transactions with 6, might 
litle {com mq the cocficient which has to be ascribed 
to Bw ns trenanctions with B. Further experiments 
rove that this is of so, 2x. that the coefficient of any 
aiven body in independent, not oaly of its velocity, but 
‘lao of the other bodies with which it i interacting. 
‘We can thua in future drop doubly-eufixed coeficients, 
like aig, and woe simply wm, my etc. We find thea 
that to any body there caa be ascribed a certain co- 
ficient, which is independent of its velocity, and 
which it carries with it fato all its mechanical trans- 
Actions with olber bodies. ‘This coeficient is the 
seientiie measure and meaning of inertial mass. It 
obviously accords i rough outline with the notion of 
mass which we get from our secsations of effort, but 
icis capable of aosurace measurement. Haring defined 
sd measured the inertial cuss of a body in this way, 
we find coo further important facts about it by expesi- 
rent. (1) It belongs to w body, not oly in the cate 
of motions caused by impact, but in all is motions 
however produced or modified. (2) Such cocficents 
are additive sealar magnitudes. Ifyou do experiments 
‘with « compound body, made up of two smaller aves, 
to which you have alceady ascribed be masses m, and 
‘my You will find that you have to ascribe to 
compound body the masa m, +m, 

‘We can sow deal with gravitational aan. Ail 
bodies, no matter what their inertial mass may be, 
fall to the ground with the same acceleration r= waco 
in the sae region of the carb. Now the rain af 
change of omentum of a body of constant mss 
equal to the product of fis masx by its acceleration, 
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Since bodies of diferent ixertial mass all fall with the 
same accelezatio, it follows froze the second law that 
they lust be scied on by noequal forces, and that 
these forces siust be proportional tothe inertial masses 
of the bodies. Again, if we do experiments with a 
delicate torsion balance. we find the: the attraction of 
a body A on a body B is proportional ta the inectial 
mass of A. Combining these two facts we sce that 
the gravitational attraction between any two bodies is 
proportional to the product of their inertal masses, 
Ie ip evident than chat, even if we had never dons 
experiments with moring bodies st all, but bad con- 
fined ourselves (a seatical experiments with balances, 
tomaion apparatus, etc, we should have come (0 ascribe 
ermaia coaficieats to! every body. We should alo 
Ihave found that these cooficiants were iodependent of 
the velocity, chemical or physical state, et, of the 
body to which they were ascribed, and were more 
fiver independent of the other bodies with which st was 
nteructing. Avd these coeficiens would have bean 
additive. They would, ia fect, be proporsonal to the 
inetd watses} and therefore, with a suitable choice 
of unite, identical withthe latter. Now, the coclicients 
required by the gravicational facts are what we mean 
by gravitational masees; and, of the traditional theory, 

{is just © strange ooincidecoe that the two masses of 
1 body are proportional ta cach other. The theory of 

vitation which is bound up with the General Theory 
‘of Relativity suggests a reason for this identity of 
inertial and gravitational mass. 

‘We max next conskler the third law of motion, 
which says that action and reaction are equal and 
‘opposite. It involves no mew coooepts, but i makes 
‘a most important wdditional statement about force. 





















principle thar we are able to deal with the motions 
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of finite rigid bodies, which rotate ax well an change 
their places, and therefore cannot be treated ax particles. 
The law, 28 stated, Is indefinite both as tm dicection 
andas 10 time. The action and reaction between two 
particles might be equal aod opposite, but might make 
‘any angle with the line joining them. It actms to be 
Sometimes assumed that the law requires the dlection 
fof the two forces to be the line joising the particles 
This is not so, and the law would be false if it were. 
‘Two moving electrons exert equal and opposite forces 
(on each other, but these ace not in che line joining 
the two electrons. In fact the question of the direction 
‘of the two opposite and equal forces belongs to the 
special laws of nature, such as gravitation, electricity, 
magnetism, ec. and not to the genera! laws af motion. 
‘Again, 1 think ic is ofes assumed that action and 
reaction are always coctemporary. If the Inw be 
‘understood to asgert this, it i certainly false, unless 
‘we mupplement it by assuming parickes of ether and 
2 mechanical theory about stresses among diem. 
‘When « beam of ight from the sue strikes upon any 
wurince on the earth it produces a pressure on that 
‘surface, If there be any reaction from the earth it 
be exerted peimarily on the surface of the ether 
next to the earth, and will not be conveyed back to 
the sun in lee time than fight takes to travel betwonn 
the two. Thus, if you confine yourself to the earth 
and the sun, action and reaction are not contempurary 
‘as mogurds light-pressuce. 

‘The fist two laws of motion have been stated with 
respect to mations relative to the fixed stars and to a 
standard time-measurer, auch a8 a0 ordinary pendulum. 
[Now it i very important to notice that, apart from the 
‘third law, this restriction to a particular set of axes 
‘and a particular physical Lime-meature could be removed, 
provided that we istroduced suitable sew forces with 
each new frame of reference. 1 will SMustrate what § 
sean by two examples : (c) Suppose that a particle ig 
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at rest on & plane with respect to 4 Newtonian fame 
ff referance, fan, With respect to such axes and such a 
fimemessurer as we have hitherto been assuming. 
‘Suppoce shar in this plane there lies a wheel, and thet 
swe take two nutually nocmal spokes of this whecl as 
four Kand Y axes respeciively. So long as the wheel 
5s ret, these wo spokes and te lise through the 
centre af the wheel pecpendicular to the plane ia which 
ies, constitute a Newtonian set of axes; und the 
particle fo we rast with respect to them. fe38therefore 
Inder the aston of no Newtonian fees. Now suppone 
‘wheel ig spun with a eniform angular velocity 
te in is own plane. Let us continue to take the two 
spokes us our axes, aad the old clock ws our ume 
Gieagurer. ‘The resulting frame i, of ooume, non- 
Newosian, for i¢ i acither at rest nor in veiform 
recitinaar motion with vespect 10 the Sxed stare, 
Relatively to this new fame the particle describet 4 
circle in the X-¥ plane with uoiform angular velocity 
I theroare fas a relative acceleration of amount rot 
tawards the origin. But this can be made compatible 
h the frst and second laws if we ansue « force of 
this iatensicy per unit mss attraciog the particle to 
the origin. The particle is acs on by mo forces with 
fegpect to the Newtonian frame; itis acted upon by 
an attraction of amount mn? comands the origin wth 
respect to the new son-Newionian fame. ‘Thus the 
first nad second laws have been rendered independent 
of special reference to Newtociam frames by the aswimp- 
tion that force (ike position, velocity, et.) is relate 
to the spatiotemporal frame of reference which is 
tied for placing and dating the phenomena under 
consideration. 

(2) Let ax now take & slightly more complex case. 
Let us suppose thatthe particle ia question is « faction. 
less ring which can slide along the particular spoke 
of the wheal tut is chosen a5 the Xare, und that the 
‘when! rotates an before. Relative to Newtonian azes 
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he ring has no acceleration along the instantaneous 
ection of this apoke. Along the instaztaneous 
irection of the normal to It, it has an acceleration 
tim [tis therefore acted upon by a Newtonian force 
(viz, the pressure of the spose pushing it from bebind) 
of amount P=zans. How will this appear 10 people 
‘who rotate with the wheel? Relatively wo their exes, 
‘he price wil tore long the Xai withan acre 
; whilst It will bave 20 velocity ar acceleration 
Rong ihe Yasia. They will eceort have to xy 
(hey want to keep the form. of the frat two laws of 
‘motion} that the ring is zepelled from the origin with 
forco mi. And itis easy to show that the incensicy 
of this must be srw, dan it will be a force varying, 
dfirwetly with the distance ofthe particle frin the or 
‘On the other hand, they will have to say that there ik 
ig resultant force acting on tbe ring in the direction 
Yeaxis. For the ring keeps ali the time to the 
Bit if they measured, they might be expected 
actvally 10 find the presaure P acting from the spoke 
ta the ting, How would they get over this? They 
‘would say: "The spoke attrac the ring with a foro 
‘equal to P, and thin just balances the pressure of the 
spoke on the ring.” Thus by assuming « repulsive 
force from the origrs, varying direetly with the distance, 
aod an atirictive force between the ring and the spoke, 
directly with the veiocty along the spoke, 
‘could recoccile the form of the fist two lswe with theft 
pop-Newionian frame of refereace. Thies latter farce 
‘would Indeed be of « curious kind, for particles would 
be attracted by the side of the apoke that faced the 
dimetion of rotator and repelled by the other fie, but 
‘they could deal with this by something like a “two 
Suid theory. 

Inthese twoexamplea we have only partialiy departed 
from a Newtonian feame of reereace. We have wen 
non-Newtonian axes but have kept io a Newtonian clock. 
eis obviaus that, if we kept Newtonian axes but took & 
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non-Newtonian clock, we could equally preserve the 
fara of the Rist twe laws by introducing suitable con 
Newtonian forces. Suppase a panicle were moving 
‘2 uniform rectilinear velocity with rexpect to 
Newtonian frame. Suppose that we then aubstituted 
fora pendulum clock a watersank with bole in it a5 
ur timemeamrer, acd judged equal times as those in 
‘which equal masses of water flowed fram the tank, Let 
‘us keep the Newsonian spatial axes this time. As the 
head of water inthe tsi decreases the water Rows Out 
iare slowly, as judged by a Newtonian cock. {¢follows 
that, atthe Inter par ofthe experisien, tbe particle will 
move further while a pound of water Aows out of the 
tank thao st did at tbe beginning. Hence, with respect 
to our new son-Newtoniaa clock, the pacicle wil be 
moving with an sccclerated rectilinear motion. If we 
‘want to keep the form of the first two laws we shall 
therefore have to introduce a non-Newtonian force, acting 
{the directios of motion of the particle. 
should now be evident that, 90 far ax concerns the 
first two laws of motion, their form can be kept, ire 
npective ofthe frame of reference chosen, provided ve 
admit the (at any rate pactal) selativty of forces co 
frames of reference. IC remains to consider more cart 
fully the nature of the noc-Newionian forces that would 
have to be introduced with non-Newtonian frames of 
reference. In particslar we want to keow whether the 
third law can be kept too whea we give up the restriction 
to Newtonian frames. One thing we souce at once. 
‘Thatisthat te noa-Newiooran atvactionsand ropulions, 
which wereinsoduced by the adoptor of nos-Newtonian 




















‘masses of the particles om which they act. Again, they 
‘ct on every particle under consideration, regardlaat of 





sahich i¢ may bappes to be,and soon. Now this reminds 
1s irresistibly of gravitational attractions; and suggests, 
as it did Binstin, that the law of gravitation may 
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have some connexion with these noo-Newtonian forces 
which are houed up mth non-Newtonian fomes of 
reference. Compare 4g, the two cases ofa heary body 
eating on a weighiag machine, and the ring i the 
second example, The heavy body res in a Newionian 
frame, and yet the spring of the machine 

thus indicating that ax upward chrust is being exerted 
Iby the spring on the heavy body, We say chat this 
trust must be balanced by © pull downwards on the 
body, and we ascribe this pull to the gray 
attraction of the earth. [2 exactly the sme 
found that the observers who used the routing wheel 
fs their spatial axes would have to assume 1n attract 
between the ring and one side of the apoke, to xccount 
foc the fact that the ring did not move at right angies to 
the spoke in spite of the observable pressure ofthe later 
‘on the former. Lastly, consider the repulsive force 
from the ongin which the observers on the moving 
‘wheel would bave to suppose to be acting on the ring. 
‘The peculiarity of this is that to all appearance it docs 
sot obey the third law. ‘There is a Aeld of force, 
whieh every particle is subjecad when referred to the 
taxes in question; but it cannot be said that the force 
























then, it would seem, do not obey the third te 
icacems that the Srat twa laws are more general chan 
he third, 
of refrence by the introduction of suitable forces, whilst 
it is only far Newionian forces that the thind Jaw bolda 
‘univernally. This conclusion could however, in theory, 
be avaided by the intraduction of hypothetical coocanted. 
masses j so that the non-Newtonian forceson observable 
massce might be regarded, ax the third law requiccs, 
tus one side of stresses betwen these observable menses 
‘and the hypothetical concealed ones. Thus all the laws 
‘of motion cat be formally ed reletive to any 
frame of reference, provided it is assumed tat new 
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frames imply oew forces, and provided that we are 
allowed to assume such concealed masses at we need. 

Swill end this chapter by trying to make clear the 
difference between the laws of motion and the special 
Jew of nature, auch as those of electncity or magnetism 

beat. We sball thea see that, on the traditional 
7 the law of gravitation occupies & curious position, 
termediate between the two sets of Ia. 

‘The Inws of motion do not profess to cell us in detul 
hhow motions are caused or modified. What they do 
to tell us the general conditions which al! mouons, how: 
‘ever produced, must conform to, They take no nocaunt 
of the 1ond of matter which is moved, or of its physical 
‘or chemical state at the time; the one property of 
matter, other than purely geometrical properties, which 
appears in the laws of motion is inertial mass. The 
special lews of mature, om the other hand, tel us about 
the various causes of motion. They have to take into 
wuocount all sorts of properties of bodies beude their 
inertial masses. They have to consides whather they 
‘bn wlectrcally charged ox not, whether they be bot 
or cold, magueticed or wnmagnetised, and whit vort 
fof medium surrounds thems. Now, the law of gravi- 
tation, on the traditional view, is ia one way like a 
apecial Inw of nature, and, in avotber way, more like 
the general laws of motion. It professes to tell us oe 
of the causes which siart and modify motions. So far 
it resembles x special law of earure. But the only 
property of matter that it hay to consider is common 
to all matar, via. gravitational mass. And this proven 
to be identical with the one property which ix considered 
in the laws of motion, vie. inertial mass. Thus there 
seems to be a very much closer consexion between the 
laws of motion and the law of gravitation tban between, 
any of the special laws of nature and the laws of motion. 
Again, tf we are in earnest with the Relational Theory 
of Motion, we must suppose that all tbe motions with, 
which Mechanics deals take place whh respect to 
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material axes. And, since all catter attracts all other 
utter gravitationally, oe the traditional view, all bodies 
‘will be atracted more or leas by the axes to which their 
motions aze refecred. It thx seems not unlikely ante- 
ccedently that there should be a very close oon: 
between the laws of motion and the faw of gravitation, 
and that « completely Relational system of Mechanica 
should contain a theory of gravitation. The details of 
this are reserved for the next chapter, 








motion and gravitation may have brought the reader 
into proper frame of mind for understanding and 
<ritcising the General Theory of Relativity. 
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Modification of the Traditiocal Kinetics (comt!eue), 
The General Thenry of Relatty. “Summary 


liv the last chapter we Leated the traditional laws of 
motion without refereace 1 the kinematic results of the 
‘Special Theory of Relaiviy, outined in Chapier IV. 
(0 say, we combiced the traditional Kinetics 
ithe tadonal Kinumatia” We mane now tke 
step forward, and show that the traditional laws of 
‘motion are nat compatible with the modified kinematies 
of eves the Special Theory of Relativity. We shall 
then be able w advance to the General Theory. 
‘Thore is no need for me to test the kinetics of 
‘the Special Theory in any desi, because it is only 2 
halfway house to the General Theory. I will therefore 
content myself with a single example to show that 
Jawa of motion cansot be reconciled, 
tion, with the kisematics of the Special 
the Restricted Physical Principle af 






















‘Let us suppose that two sets of observers were doing 
col 
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experiments to determine inertial awse by the impact 
ot bodies, ax described i Use Inst chapter. One chal! 
bbe on ene plactorm 7, 22d the other ox thn pistorm fy of 
Chapter [V.Taede patforms are in usilorm recticear 

ie motion ina Newtonian frame. ‘The velocly 
Ifthe frgt with cespect tthe annond, a8 measured by 
Cobgervers on Use second, ix ty Lat two bodies be 
tmoving aloog 9, in the direcioa in which pi ime 
imoving relatively top, Lat thelr veloeten relat 
to py a8 measured by observers on it, be Uy and ®, 
reapeciively, before they bit each other. After Wey 
have hit, et their velocities with veapect to ~, Be Wy 
and 1, respectively. Lat che observers on A, aneribe 
{o these odien the inertial masoes M, and im, reaper: 
tively. As we saw inthe last chapter, 

WU smmeMWemen (1) 
ach body has it own confcant, which it keeps when 
lea velocity im altered by tbe callsion, and which in 
Independent fel wlocty, “Thain so doubt 

its very approsimaniy true under ordi 

Soeceesrat eens a gconkes eee 
ean be tsnrly true, cocsstently with the Physical 
Principle of Relativity and the Kinecatics of the 
Special Theory 

‘Let che whole experiment be also watched by dhe 
obiervers on fy. Let the velocities which they ascribe 
to the bodies relatively m0 A, by Uy ay Wa and 2 
respectively. The Physica! Principle of Relativity tla 

that if equation (+) expressen = ensine law of nature 
in terms of the observations of peaple on fy the people 
fon A rst be able to Sind an equation of precieely the 
Same form in terms of cher observations fn the mame 
Phenomena. That is, they ooght to fisid that their 
(heerved relative velocities are conzected by an oq 

MU, sm MWe tmp) 
1m thin equation M, and my will have to be independent 
of cha voloctes of the Dadian; fir it ie obvious that 























GENERAL THEORY OF RELATIVITY xr 


the form ofthe law would er be the same for both vets 
of obmerver, if jn the one cass the conficients were 
‘cmmcants, andy in the other, were fonctions of the 
‘eloity of the body. 

[Now It in eaty fo see that enything of the kind in 
inconsistent withthe Kineation of thes Special Theory 
of Relativity. Tf the reader will look back to equar 
‘on (a) in Chapter 1V be wil soe that 








swith similar equations, adats seviondis, foe 
‘I Is quite obvious that, f these values be subes\- 
‘tuted in equation {3}, we shail reach a result which is 
inconsistent with equation (1, on the assumption that 
the masses are independent of the velocities. It follows 
that the traditional view that ass is independent of 
velocity canngt be reconciled with the Physical Principle 
that genvine laws of nature have the same form for 
all observers who are in untfoem secnhnear relative 
motion, and with the kinemancs of the Special Theory 
‘OF Relativity. Stis not dafficul ca sae what modification 
is needed. “Let us denote by M,, the mass which bas 
ta be anigned a body moving with a measured 
‘velocity U; relatively to the Newronan Game fy. Let 
wus put 














‘where Al, and m, are independent of the velocity. Let 
us then gee whether the equation 
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expresses 2 possible faw of axture, consistent with the 
Physical Principle of Relativity ard the kinematics of 
the Special Theory. If it does, we ought w Sind shat 
the measured velocities U, exz., which the obuervers oa 
fy ascribe 10 the bodies under experiment, aft inter 
‘connected by the equation 


Myer enn MyeWitmety — () 
By using the transformation equation for relative 
velocities, and doing a litle tedious but quite sraight- 
forward aigebra, the reader will be able to see for him- 
self that tus ia $0, 09 one casdition. The condition is 
that the doled mass of che system in the direction of 
motion is unaltered by the colision, £<, that 
Myvt one Moet tive © 
On the traditional view this is of course a merely 
Analytical proposition, sioce it is part of that view that 
the mass of sack body is aa absolute constant. On the 
present view of mats, st is an additional assumption, 
The in, cbtained by combining (4) end (6) with the 
ws embodied in (2h is then a persissible law 
sf naur, Wott the tric! lw aati Ia) 
not, The assumption (6) is, co x very high degree of 
approximation, equivalent to ehe assumption tbat the 
total kinetic exergy of the system is unahered by the 
‘allison. For 
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to expreas the laws of Mechanics ia 
‘4 form which is consistent with the Kinematics of the 
Special Thaoey of Relativity leads to a connerion 
hhetweno the three priociples of the Conservation of 
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Momentum, of Mass, and of Energy, which was nat 
‘vious on the treitional view. 

‘The modiged conception af mass, which the Special 
‘Theory of Relacivity requires, difers 0 little in 
magnitude from that of the izadisional view, for all 
ordinary velocities, that iC ip reazoaable to suppose 
hat the modified laws are not merely admissible in 
form butalzo rus iz substance, Moreore:, the modied 
laws agree with observations onthe motions of electrons, 
thot aut with enormous veiocives ia vaesm tubes 
whereas the tradvional form of the law cannot be 
brought imo accordance with these result, except by 
the help of supplementary piysind Syporheses about 
the charges, shapes, et., of the particles, 

The Generel Theory of Relatvaty. Enough has now 
been said to show that the (radia! kinetics seeds 
modifeation 23 s00n as the tradstional kinemasies is 
copped and that of the Special Theory of Relativity 
fs subsutuied for i And, as 1 have tred wo show in 
Chapter 1V, the negative results of the Mickelson- 
Morley and other experiments leave is no option about 
making a/ las this subsutution. The question now ia, 
rot whether we shall go 30 far, but wbether we ought 
fe to go farther stil. Let us open the subject by 
asking: In what way is the Special Theory of 
Relativity spenal? 

‘The answer to this question is obvious I discuss 
ing the Special Theory of Relativny we explicidy 
confined ourselves to Newtonian frames. In the Sat 
place, our kinematic wansformasions assumed that the 
{70 platforms pwnd 7, were in uaform rechlinea relative 
motion. We did oot deal at all with the cave of & 
rotating with rexpect © 4 or moving with a roilinaar 
‘but accelerated motion with respect to A. But this is 
rot all, (fone fame be Newtonian and another moves 
With # uniform rectilinear mation celasvely to it, the 
second is also Newtonian. But che converse of this is 
not true, Two platorms might be im uniform rettinear 
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relative motioa, bat selther of them eed. for that reaton, 
beNewtonian.  Z,, fthele clocss were non-Newtonian 
(ge, were water-taaks, ax in 2 previous exacsple) botb, 
‘these platforms would have accelerated rectilinear 
motions in a Newtonian frame, and therefore neither 
of them would be 2 Newtoaian set of axex. Again, 
swuppase that 4, and a were attached at diferent 

lances from the centre to the same spoke of x wheel 











Uf them would be Newtonian axes, So the ‘specialty " 
‘Of the Special Theory is that it (9 whelly conoermed 
with Newtonian frames; and ths not only ceatricis 
the transformations to. uniform rectilinear relative 
mation, but imports a further condition, in virtue 
Of which one at least of the set is known to be 
Newtonian, 

How does this liszitation show itsl(? The funda- 
‘rental tect on which the kinematic transforoations 
of the Special Theory was based was chat Hight wan 
ound wo wavel with the mame volocity, and ina 
straight line, relative t9 all the observers, although 
thay’ were in motion relatively to each ofbes. It is 
duite cbvious tha, if observers bad coven the spokes 
of a routing whee! as thee axes, shay would oat have 
found that light wavelled in straight Lines with respec. 
to them. And, they had taker as their time-oeasuer 
some process which was aot isochronous as compared 

ith a Newosian clock, they would aot have found 
the velocity of light eo be uniform, even though they 
Inna used the fixed stars as their axex. A Newtonian 
fase may then be defioed in ooe of two alternative 
wayt: (It in a pet of axes anda physical time 
Beasure with respect to whlch Light ia « bomogeseaus 
medium travels with uniform setitinear velocicy. 
Or (2) wis = set of axes and a timemeasarer with 
ceapect ta which a parncle, under the action of no 
‘euttant fore, ress OF moves uridrmly in a straight 
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line. Owing t» the universality of gravitstion the 
secand crferion cansat Lverlly be applied. We shall 
‘alto yee, Teter on, that the same reason readers the 
first crition sot strictly trve of any natural frame, 
Thup « Newzonian frame it an idea! Fimit rather than 
fan actual face, Stil, tive frame in which the fed etars 
form the axes and 2 properly consinseted and regulated 
Clock forme the time-measurer is very nearly Newtonian, 
for ail experiments that we can da. The transformation 
‘equations of the Special Theory enable us te pass from 
the place and date of any event i any one such frame 
to tty place and dave in any other such frame. But 
they tll us nothing about Rx place or date in any 
frame which is not Newtooian; and no Game is 
Newtonian unless im axes either rest or move with 
2 uniocm recatinear velocity, as judged by a New- 
‘onian clock, relatively to Newtonian axes. Again, the 
Restricted Physical Principle of Relauvity only ‘says 
dua observers on diferent Newoonian frames will alt 
find laws of identical form for the same natunl 
Phenomens. It does not asvert that an observer on 
‘4 noa-Newtoaian frame wilt find no difference in the 
form of the laws which intercoenect the magnitudes 
that be meanuses, when watching » cerain natural 
phenomenon. 

The question is whether, and to what extent, this 
restriction to a cartain set of frames of reference can 
bbe remaved. cis may to state i general terms the 
‘iad of problem with which we are faced. On the 
‘one hand, we can get at the laws of nature culy by 
‘ensuring various ctoervable magnitudes and finding 
‘out the Functional copzelations that hold between thea. 
‘And we can do this only by referring all events 
jin nature 1 2 spatiotemporal frame of reference of 
‘some kind, in whlch each event hus a certain place 
‘and date, “[noumerable diferent frames af sefecence 
‘could be taken for dating and placing the events of 
fsatuce. On the other hand, prasamably there are laws 
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cof nature which ace absolote, and independent of any 
particular frame of reference. The laws discovered by 
observers who use a certain frame of reference will 
‘ba transcriptioas of these absolute relations, in terme 
of that particular frame. Thus, we may suppose that 
they will depend pardy oa the absolute relations of 
ravents in nature and partly oa the particular frame 
used by these observers. {c would thus be reasonable 
‘w suppose that, on comparing, the laws discovered by 
observers who observe the same phenamenon and use 
all kinds of dierent frames of reference, we might bo 
able 19 extract 2 kind of kernel," which should be 
neutral as between thera al. This kerne! would be the 
absolute law of the phenomenon 1a question, and it 
ia thin which the General Theory of Relativity seeks 
to extract. 

Tr may be worth while to give a few illumrstions 
from other regions, in order ta make the idea familias 
to the reader. (2) Suppose the League of Nations. 
‘were 10 lay dawn cermis gentral rales about naviga- 
ton, which were ‘binding on all members of the 
League They woukl have co be tmnslated into 
English, Freach, [talaa (aod soon, one hopes, German 
and Russian}. These various translations would look 
extremely diferent. And it would be impamsible to 
express the rules without seme symbolism or other 
until telepathy becomes commoner than tt now ia. 
‘Yet there would be something, v2, the content of the 
rules, which would be independent of any partinlar 
language or other system of symbole im which they 
happened to be 

(2) Another example may be helpful t persons with 
an elementary knowledge of mathematics. It is & very 
simple trinsic property ofthe triangle that the bisectore 
Of ity thea angles all meet at one point. Sf you uy 
to prove this by analytical geomerry you ill have to 
chonge some set of coordinates; they may be ret 
angular Cartesians, or oblique Cartesians, or polars. 
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Tn any cate you will get very complicated equations 
in terms of the encocdiaates which you assign to the 
three cornecs of the tangle. Ast these equations 
‘nll be very diferest according to the aystem of co- 
Ccodinates at you ave chosen for reference. Yet they 
all express the sane sizple ct, which is inzinsic 10 
the triangle as such, and quite independent of any set 
of coordinates, 

‘Now, on the traditional view, the distanos between 
toro events and the time-lapoe between them are (ro 
distinee fae. le is true that on the Uaditional view, 
the measured ditancea berween nor-contemporary Eve=ib 
‘wil be diferent for observers who are in uniform rect 
Tinear motion with respect 10 each other, But ft 
supposed that thelr dates will be the same for all 
Newtonian frames, and that it will be independent of 
the ditance between the events. Now, the Special 
Theory shows that this is not tue oven Wien we 
confine ourselves to Newsonian frames. We saw thet 
obververs_ os platorma which are in ralative rei 
Tinear uniform motion will mot ascribe the sane time 
lapse to the same pair of events; asd that, if theoe 
events be separated in space, he acount of timetapse 
Aucribed 9 them by observers who move relatively 
to them will depead on their distazce aper. Thus, 
measured distance between events and measured tie 
lapse between events are mized up with each other, 
ad are parly dependent on the frame of reference, 
even when we confie ourselves to Newtonian Eames, 
Is there anything concerted with spatial and wmpors! 
separation whic has the same measure foc ail Newonian 

‘2s can easly be seen, Suppose that 
foro adjacent events have respectively the co-ordinates 
and dates ip Jy fp hy andy dy 2yteby lay and 

















relatively wo 9, ia the =direction with che uniform 
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veloclty tq It follows Iomediately from the transfor 
mation equations of Chapter 1V chat 


baw belle, — adh) 
ad ola Ge): 
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Now dyjtadytand dy'= de? sinen thee is no relative 
action in these divections, Therefore Goully, 

Aah 4 byt dst Asm ast s dys ods 2R, (8) 

Here thea we have a mageitude, connected with a 
air of events, which bas the same cumertcal measure 
‘ith respect to ali Newtonian frames. We will wee 
thin magnitude with is aign reversed, for reasons which 
‘will appeac later. We will call it The square of the 
Spatio-Temporal Separaonn of the ewo events, and will 
devote it by det, The square of the spatial separation 

of course, dsi'+dy.-edsi" in the ope system at 
datedyi-+det in the other. ‘The temporal separtios 
in" 19 one system and diy in the other, It is clear 
that ‘the spatiotempocal separation has a claim 
represent something istriasic to the pair of events, 
aad neutral as between diferent frames of referancn, 
‘which claim cannot be made for either the spatial or 
‘the temporal separation. [t is, at any rate, invariant 
and neutral as between all Newtonian frames, whi 
the other two are sot invariant of anstral, even with 
this restriction. 

Ie will be soticed that, if the rwo events be the 
ssuccnssive occupations of two adjaceat places by some- 
Ahing that eavels with velocity 4, with respect 9 one 

















GENERAL THEORY OF RELATIVITY 189 


frame and x, with rexpect to the other, the spation 
temporal separation takes the form 
deme maiden 

Mf what i travelling be light, o¢ any other electro- 
magnetic dintoroance, mmw,=6 Whence th? =0. 
‘Tam ity the spatiocemporal ‘separation between (0 
evens which are the aucoesive arrivals of « wxte of 
light at two adjacent posicions is o, altbough of course 
both the spacial and the temporal seperations of the 
two events are Gnite, Thin explaina why we took the 
‘expression with im sign reversed. We mant the ayuare 
cof the separation o be always postive forthe sucorssive 
‘vena that constcue any real tation. With the prevent 
choice of sign this wil! be #0, uniess the moving thing 
travels taser then Tight. With the other choice of 
‘sign the square of the separation would always be 
negative for anything that travelled more slowly than 
Light. Now wm kow nothing that travels faster acd 
innumerable things that aval soe slowly than light. 
enon our coovention a8 to alga i jutised. 

“Thin concept of spatio-temporal soparation i funda 
smental to the Geaeral Theory of Relativity. We tke 
it as» hypothesis that this seperation if an intinic 
felation betwee par of event which bas notbiog 10 
do with feames of reference, houg’, af course, we sball 
always meet with It and measure it to tera of the 
particular Game that we Bappen to utc in order to place 
tod date the events of suture. If ic be asked what 
{ground there ie for this bypothesi, I think we must 
begin by distinguishing between what suggests it and. 
owls juste ie What suggests 2 ia the inrarance of 























Hf itis to be justified, this must be done 
jn the usual way by workiog out the consequecocs of 
the hypothesis and sceing whether they ancord with 








form the spatio-temporal separa 
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tion tkes when expresed in terms of Newtoalan co- 
ordinates and clockreadings. It will be worth while, 
hhowavar, axplicitly to mention the iraportzot character 
lation of this expression before going further. (3) It 
is bamogensous 2ad of the second degree in the four 
variables which it involves. (2) The coefBcients of tbe 
variables ace all constan:s. In fact, by a suitable choice 
cf units, they could all be reduced to unity. When 
sdinanoo i measured ia centimetres and time-lapse in 
woconds, light fis dhe velocity <, and the time-factor 
than to be mubiplied by this constant. But, if the wait 


ff tine were taken to be, not the second, but F of a 


second, the velocity of light would be usity. We chose 
‘ur unite of space and our units of me quite inde- 
endatly, whem it was not suspected that there was a 
fundamental concexion between these two factors in 
‘oaturt. Tt so happens that we bave chosen a very 
large unt of time as compared with the unit of space ; 
fund. that ig the osly reason why the Tnrge canstast ¢ 
‘appears i the expression for the spatio-temporal separe- 














Uncrion between the spam factor and the time fuctor 

jn natare, ia spite of their intimate intereoonexion, und 

in spite ofthe fact that the two are, within certain Hite, 
tecchangeable. 

Now we can quite weil understand that the expres 
sion for the spatio-temporal separation, in teross of the 
‘co-ordinates and time - readings of a| non-Newtoni 
frame, ony be very different from the expression for the 
‘ame fondamental fact in terms of 2 Newtozian frame. 
Let ua fest iustrare this by a very simple example 
from ordlaary geometry. If we take the unditional 
‘view of Space aad Time the distance berwaen feo polatt 
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ie un intrinsic relation between thea, and is wholly 
Independent of the system of co-ordinates 22 which we 
efor the pointe. Let us Sst auppooe that they are 
refered to a set of rectangular Cartesian co-ordinates 
Gy Let their co-ordinates in this system be x, and 
itd respectively, with similar expressions for their 
Jf and neoordinaies, Then te expression for the 
‘square of theie diatance apart is 
ete atedat 

[Now rafar them to another set of recungulas Cartesian 

This might consist of the origiaa) ones twisted as 
‘a Figid body about their origio. The three edges of a 
biseuic hox with one corner fixed would be an example, 
Lat the co-ordinates of tbe poumts with reapect to this 
aymem de x and 3+ oy eter, cespectively. The ex 
pression for the square of the dimance apart ofthe two 
‘points in the new co-ordinates is 

aah edit dee. 
It is of the same form and the same magninide a 
belore. This ig exactly analogous to the iovariance of 
the expression for the spati-tamporal separation of two 
ovat with eepect to tro Newman frame. 

‘Suppaic now that, instead of referring the two points 
to Caslesian co-ordinates, we were to reer them to polars, 
Call this aystem P,. Let the coordinates of che two 
-pounta be respectively rp8e ty and ry + dry, +40 th-+ 
am thes sytem ‘The square of the Qetance spart il now 
be expresed by the formula 

poe ee 

[i will be noticed that this expression las one important 
saxalogy 10, and one important diference from, the 
preston in tecam of Cartes. It xesembles the lat 
fa that it is till « homogeneous fusction of the second 
degree in terms of the three dffecentals. It diflers in 
that these diffeentials ne longer all bave contrant co- 
ficients. Their coefficients now contain functions 
‘ol the co-ordinates Gemseives 
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Now, just as the passage from Cartesian to Polar 
coninates makes this difereace io the expression or 
the distance between two points on the ordinary geo- 
metrical view, 90 we may expect that the pasmge fm 
4 Newtonian 10 2 noo-Newiosian fame of reference 
‘will cake 1 similar diference to the expression for the 
spatio-emparal separation between two events, We 
may expect that the expression will 
geatous and of the second degree 
dillereatialn of the noo-Newtonian, 
ates, tue that these diferentials wi 
constact coeficieats. 

1a order to make the ext step, let us aguin revert 
wo a simple exarnple in ordinary geometry. Let ut 
confine oumelves tm points on a surface, and let os 
suppose, to begis with, that this surface is x sphere. 
We will suppase that persoos confined to the surface 
of the sphere are tying t0 fied an expression for the 
distance apart of two aéjacent points, as measured oo 
the suriace of the sphere. This wil of course be that 
art of the great circle pasting through the two 
podats, which is included between them. Now the 
surface of the spbere could be stappad out into 
network of co-ordinates in isnumerable dierent ways. 
‘We might fx the postion of a. poist by parallel 
of latitude and meridians of longitude, af ordinary 
‘Atlases do. Oc we might 6x i by taking an oc 
fn the equator and drawing a graat circle (rom here to 
the point in question, and votcing the lengsh of 
are and the angle that it males with the equator 
Aguin we might take the equator and some meridian 
of longitude as a pair of mutvally nocml axes and 
define the position of & point by the arcs of the two 
(great circles which pass throug it and are normal 10 
‘he equator and the overidian cespectively, ‘The last- 
mentoned se: of co-ordinates would be analogous 10 
Garesians in a plane, and the set mentionad before 
‘would be analogous to plane Polars. We should find 









no longer have 
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that two independant variables were always neomsary 
1 fx the position of « painc. And we should Sad that 
the distance between axy pair of adjacent points on the 
‘phere, a8 sicanured along the spbere's surface, was 
always a bomogeseous quadratic function of the small 
differences between their carresponding co-ordinates fo 
any systex. So far thare is complete analogy with a 
plane. But we should find the fllowing very important 
difference. In the plane, or ia ondinary three dimen- 
sions) Space, a3 we saw, we always can find a system 
of coordinates, vi, Cartesann, to term of which the 
‘expression for’ the distance Involves 20 coeficleats 
‘other thas constants (which can of course always be 
reduced to unity by & auitable choice of our units). 
‘On the ophese we should find that It was ‘ampersble 19 
choose aay set of co-ordinates for the whole surface, in 
terms of which the expression for the distance between 
‘oro points involves nothing but constant coefficients. 
‘Always we shalt find that ove or both of the diferent 

{is muliptied by x function of the co-ordinates. 

‘This then is as intnesic difference between 
and plazas. It is connected with the fact that « sphere 
‘eannot be unfolded into. plane without atretching, 13, for 
ingtance,a cane can. We sce then that there are atleast 
‘two intrinsically different lands of surface. With both 
of them the sxpreasion for the distance of two points 
measured aloag the surface wili involve non-constant 
conficients, whes expressed in terms of some set of com 
dinates upon the surface. But with the one kind of 
surface ths will be 40, not merely for com but for all 
pomnble seta of comrdinates upon the surface. And, 
ith the other iad, it will be possible to End set of 
co-ordinates an the sorface, in terra of which the wx 
[pression for the distance of two adjacent points involves 
1no coeflcients but constants. 

Tat ug now leave the points and sucfaces of pure 
geometry, and apply out results to the events of nature 
‘and their spatlo-tewpora} separations. Just ap surfaces 
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may be of ewo intrinsically diBerent kinds, sa natere, 
a A sum toa of events, might theareucally be of one 
Mod oc another. it might have such an intrinsic 
structure that it was always possible tm find a frame, 
vie, a Newtonian ane, with respect ta which the spatio 
‘temporal separation of any paic of events takes che form 
Cala —ad, 


On the other band nature aight, like the sphere 
igeemetry, bare suck an lotrosie trscture Ut me 
pomible fame could be found with reapen to which 
{he apatiodemporal separation involved only constant co 
Milena, Now the mont general homogencots quadratic 
for the spatiotemporal sepamboo of a pais 
of adjacent events in terms of any fraze is obviously of 
the foe 
Fath Eat batt + Bal + tall eh dl, 
biAt HY AS 5d M + Eat, — (9) 
vehare ty ty and 9 ae the spatial paraoreters, and ¢ 
the trmporal parameter, which one of the events has 
rmspect tothe spatial axes and the clocks of this frame. 
‘Toe 1 are any functions whetever of there four 
variables, Now if itis ta be possible to find a frame 
‘With respect t which the spatiotemporal separtion 
fakes the Newsonan form, these ¢’scanzot be Just any 
funations, The ceduibllty to. the Newiosias form 
imposes cerala very general conditions 09 the 7. 
Tt can be shown that it is possible to find a frame, 
‘with rompoct to which the spatioemporal separation 
Exsuzies be form with constant coeSiGents, if and cely 
H the gt are of such = kind that a ceralin very com- 
pleated fonction of chem, called he rmana-Chriofed 
‘Tmser, ravishes. To sx7 that the Riemann-Chrisiofsh 
‘Teanor vanishes would therefore be equivalent to saying, 
(hat mature, a5 4 ays of iaterooenected events, Bas 
ceria kind of intrinsic structure, which is formally 
fnalogoas wo that ofthe plane in Euclidean pace apd 
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formally unlike that of the surface of a sphere ia 
Buclidean space. 

‘The next thing that we have to conser is the 
dynamical meanings of tha vazious conceptions which 
‘we have been introducing and discussing. ‘There are 
‘now two problems to be coosidered. The fimt is 
Sndependent af the view that we take xz co the (wo 
Altacnative possible fneringic structures of nature. This 
Jeads to a generalisation of the fre law of motion, 
that it becomes independent of any particular frame of 
reference. ‘The second depeods ou which alternative 
the facts force us to choose an t2 the intrinsic structure 
of nature, This leads to © geocrtisation of the law of 
Rraviation. We will ow consider thes: is order. 

(0) According to Newton's fic law of evotion « 
particle which is under the action of mo resultant force 
ina Newtonian frame either res or moves with woiform 
rectilinear velocity in that frame, Consider two eves 
in che butory of thie particle as it mover Oze Is 
its peeseace at the poist 44 yu 4, in the axes of the 
feume at the dam i, as measured by the A-ciock of 
the frame. The other ists preseoce at the Point tm Jn 
44y io the same axes when the B-clock reads fy Since 

particle is under the action of so Newtonian forces 
ic will have moved in a straight lise between these 
‘two poiats with x uniform velocity. Let us consider 
‘he ite! spatio-tesaporal separation between, these (mo 
‘events, By this we aze going to mess the som of 
All the infinitesimal spatio-temporal separations between 
succemive closely adjaceet events in Ube binary of the 
particle, which are intermediate between the fst wad the 
fast event under consideration. 1 is easy to show that, 
‘whes the particle moves uniformly in a straight finc, 

‘otal ‘separation bas = siatonary value. This 
sans that it would cither be greater forall alteraative 
‘ways of moving from the oe place to the otber in 
the given time, o that it woukd be lexs forall alteenati 
ways, Asa watier of fact the actsal path is that which 
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sakes the total speoteenpocal seperation 2 maxinuan, 
If the particle soved ig any other cou, of with & 
non-uniform velocity, the toe! spatio-wemporal separt- 
tion would be less than it is when it moves snitaraly 
ina sraight fine. 

"Now the fart hat the total separation beoweea remota 
events in the history of this particle is» maximum ia 
Sm intra fact about the history of the parle. [e 
Sepends in no way on the fame of relrence which in 
chasen for placing and dating the events. We have 
‘thus got to somethisg about the motion af the paride 
‘which is independent of frames of reference. Now 
refer the particle to any other fume you lite. The 
Characteristic af the sew frame are corapletely summed 
up tw the ten g's which appear in the expreaion for 
the spatiotemporal separaiion of two aijacent event 
in teem of the spatial und temporal parameters of this 
frame. We have therefore simply 10 exprean the fact 
tat the integral of the expression (9) haa 4 stationary 
‘aloe for the course whieh the partici actually takes 
‘with respect 10 this frase. This can easly be done 
by the Calealus of Variations. As a resule a set of 
our secondonterdilferential equations eenges. These 
aru the equations of mation 2 any frame tshatever for 
particle which ie auder the wctiog of bo forces in a 
Newtonian fame. 

Now, a¢ ve exw i. last chapter, he change Eom a 
Newtonian t0 « noa-Newtonian feame of reference 
volves the introduction of soc-Newioniaa fora. These 
forces are complesely determined by the nature of the 
non-Rewionian frame chosen. Agaia, at we ave ates, 
the ature of the Game is completely determined by 
the tea g's which appear in the expression for the 
spatiocmsporal separation in terms of the parameters 
ofthe fame, Thus Ghee is complete corcelation between 
the 4's which characterise the frame, and the 
Newtoaian fess which people who usm this frame 
would observe to act 06 particles, Thus, # all forces 
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‘be of this type, the four differentia! equations which 
‘expres the fact that the total spatio-temporal separation 
for the actual couse of the particle is to be stationary 
will be the laws of motion. For they will som up the 
‘relations between the motion of any particle with respect 
to any frame and the observable formes which people 
ho use that frame Sind to be actiog on the particle, 
To observers oa a Newtonian frame it will appear that 
‘the other observers are using very foolish axes and 
very Wild clocks (eg, a rottiog wheel and a water- 
tank). For die Newtonian observers then, the will not 
‘teem 10 have anything w do with forees, but only to 
characterise the particular kind of axes and clocks which, 
the other observers ace usig. But, for the observers 
‘who use the frame characterised by dhe 4's, these £7 
‘will appear as tbe potentials of forces which are fonctions 
Of position and time with respect to their frame. (t 
siny ax porentrals of focer, and not as farce, because the 
(5 d0 not appear as such in the equations of motion, 
appear in the forss of first-order differential co 
ficients with respect to the co-ordiates and dates 
which events have in the frame.) The Sour differenti 
equations of motion, thus deduced for any frame what- 
fever, degenerate, in the special case of a Newtonian 
frame, to the three ordinay equations which express 
the fact that the acceleration of the particle vanishes 
in three mutually rectangular directions, and to the 




















lntroduced along with « now-Newiosian Game, by 
working out a licle further a simple example which 
tres uned In the lat chapter. It wil by enmerzbered 
iat we there took a particle at reat oo a plane in a 
Newtonian fame and refered it a non-Newtonian 
Trame, consining af she same clock as before for the 
fime-measurer aed two satully recangular spokes 
‘of a sonting hed, that lay i this pane, as ce spatial 








a8 ‘SCIENTIFIC THOUGET 






‘ill ascribe a non-Newranian aration om the 
{© the origin of amount sere ‘The o00-New 
potential raquired to prodwor is force i jr since 
Fo 3 by definition, and F, 
Now let us consider what will be che expression for 
the sepacation of (wo adjecent events ia terms of the 
new frame. In terms of the original Newonian fame 
tia, of course, Ade deta. Uti eany to show hat 
ie will be (Cet )dt mad sad Sed 
terms of the new Game. Tha the new frame 
shaactrioed by the following values for the mur g's 
‘Which ace needed when we confine ourselves (0 a two 
Atimensional space, at we are doing in this example -— 
en P Pi kgnin” 13 Bu ni hy ~ 30 
fiy=0- If we aseribe to the non-Newaoalan foros a 
potential —Jurzg, we shall account for the observable 
fers, since —2(—ime)=~matr, and the observed 
on-Newtonian foro in —mtr. Thus we see that fin 
which, from the point of view of observers on the 
Newtavian ame, is merely one of te eoeficients 
tds charctriae he special non-Newtonian frame used 
by the other observers, is from the point of view of 
the now-Newtonian observers thesatelves, the potential 
ofa force which ects on all particles with reapect ta their 
frame. 

Sa far we have conned ourselves to the case of a 
particle which in under the action of no Newtonian 
Toree, and we bave derived tha equations of motion fot 
sch'a particle under the scion of the nox-Newonlan 
forces to which it wil be subjected when referred 10 
on-Newtonian frame. But of course mos. particle, 
if not ally ace, at some time at leant ie. Ue history, 
‘under the anion of Newioalas force, and do not move 
‘uitorely or in seraight lines wi reapect tm Newtonian 





nd in this case, 
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frames, What a we to my of the equations of motion 
of auch particles? 

‘We bave said that a particle mater the action of 10 
Newtonian foros moves in such 2 way that the total 
separation berween two remote vents ia its history in 
(greateethaa {t would be for any other possible way of 
moving. We also mid that this property ofthe actual 
history of the moving particle is independent of the 
particular frame of reference to which it may be referred. 
Before we can get any further we must clear up thane 
two statements a litde further. We will begin with w 
eomerrca! analogy. 

‘Suppose there were two remote points and we were 
tld to God the shortest pournle path from ane to the 
other. ‘The problem would sot yet be perfectly deter- 
inate, Possiblity a always eelative to x sat of 
conditions ienpiled or asserted. What would be the 
sborinst posuible path, relative to one set of conditions, 
would 20t be 90, relative t0 azother set. If we were 
Allowed to more from ove point to the otber on the 
Euclidean plane oo which they both tie, the shortest 
‘parsible path would of course be the Euclidean straight 
line joining them. Bet if we were told that we must 
leerp to the surface of a certain sphere on which doth 
pennts ace situated, tbe sbortst pore pach would be 
Along the great circle on this sphere which joins them. 
‘And a great cicle ix an intrlosicaly ditlrest kid af 
‘curve from a Esclidean straight lie. Thus the curve 
“which is the shortest path berween two points depeods.on 
the intrinsic atruewure of the region in whlch the points 
ace situnted, and to which all paths between them are to 

is i en, the 

property of being the shortax: path between the two 
independent ofall pouible sts of axon which 

might be uted for mapping out the region, Bur, af 
‘course, the intrinsic character of the region wil mpase 
‘erain restrictions an the kiod of azes that are ponsible 
foe mapping it out. Similarly, the nature of the move- 
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suet which gives the maximum possible spatio-temporal 
‘sxparstion for two remote events in the history of 2 
‘moving particle will depend on the structure of that 
‘parc of the history of Nature in which the events happen, 
{and within which all courses from one to the other are 
to be confined. Given the atroctare of this part of the 
Iaistory of Nature, the course with the maximum possible 
(otal spatiotemporal separation Ia indepeadent of all 
frames of reference which can be used for placing and 
dating events within this regioo. Dut the intrias 
structure of this part of the Bistory of Nature wil 
impose centaio restrictions on the kind of frames that 
Are possible for mapping it xt 

‘We can now deal with the case of a particle subject 
to Newtonian forces. We assume (e) that it isa general 
fact about aif moving particles (and not merely about 
those which are ander the action of non-Newtonian 
forces) that they move i auch # way that the total 
spatio-temporal separation for two remore events. in 
their history 1s greater than it would be for any other 
‘way of coving which the intriic stracture of the 
‘part of the history of Natuce in which the two events 
fall would allow. (2) That, in those parts ofthe bistory 
of Nature in which Newsonias forces show thecuelves, 
the intrinsie structure is mer such that the expression 
for the spatiotemporal separation for two adjaccot 
eveots can be reduced to tbe form with constant 
corficients, This is equivalent to assuming that 
‘Neweonian frames are sirictly applicable only 10 thooe 
‘parts of the history of Nature (if such there be) in which 
‘80 Newtonian forces are acting. 

On these asmumptions the general equations of 
‘motion, which have just been deduced for new 
Neotrnien forces, will hold for aif forces. 














‘which must be fulfitled If the actual courte of « particle 
in w be such thar the total spatiotemporal separatian 
‘between two remote events in its hieiory thall be a 
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maximus oc minimum. And they were deduced from 
the mast geaeral expression possible for the spatio- 
temporal separation of « pair of adjacent eveots. For, 
Although we were in fact deiling with casas whore the 
expreasion for the separation cas. be reduced to the 
Newtonian form with constant cocficients, 50 use waa 
‘made of this speclal assumption in deducing the con- 
ditions that the total separation for the actual course 
shall be stationary. We may say then thas, if the 
Above aasumptions be true, we have got the general 
equations of motion in x form which 

of any special frame of eference, and ( 

to Newtonian and non-Newiociaa forces. If the force 
be all noa-Newtonian there will ew addon be a set of 
‘equations between the gs of all possible frames, tx- 
pressing the fact that the structure of the region under 
iscusslon is auch that the separntion can be reduced 
to the form with constant cocfients, If some of the 
forces be Newiosian this extra vet of conditions will 
not of course bold, though it will stil be possible that 
the g/+ af all possible feames are subject to some lex 
rigid set of conditions. 

(On this view the one fuadateotal mechanical fact, 
which is absolute and independent of all frames of 
‘eferance, i the stationary chazacter ofthe actua) history 
of a moving partici, ry the fact that it moves wit 
such a velocity and ro such a path that the tout 
separation between remote events in its history is a 
maximum or minimum. This is independent of whether 
it be under the action of Newtonian forces or not. But 
‘the course whic i fac has the greateet or east possible 
separation will differ iatrieskcally, according to the 
intrinme structure of the history of Nature sa the spatio- 
temporal region under discussion. If this region be 
such that the separation berween twa adjecent events 
In it can be expresso! in the focm with consmaat co- 
‘Gicieats, the course which bas the stationary property 
fin a Evcldean straight Tine traversed with a uniform 
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vvelociy a8 judged by « Newtonian clock. [fthe region 
‘be such that the separation cannot, by any choice of 
frame, be reduced to this specially simple form, the 
stationary course will be some intrinsiatly diftreot 





Tea assumed that the presence of Newtonian forces 


a regian of the bistory of Neture is a sign that the 
Inrituie stracturn of that region is such that 20 frame 
can be found, with reapect to which the separation of 
two adjacent’ create takes the form 
cocflient 
How are we to verly o¢ cefute these assumptions? 
Obviausly the only way is to ave whether («) they 
‘ageon with known facts as well as the traditional 
‘hoary, and (8) account for and predict facts which were 
not predicted oe accounted for by the traditional theory. 
‘We have seen that, whee the focees are purely 90n- 
Newtonian, the g's of any frame of reference appear 
to the observers who use that frame as the potentals 
at tha non-Newtonian foros. Reversiog this analogy, 
it in reasonable to suppose that the potentials of 
the Newtonian forces that are observed with respect 
xy tame wil be the z's which characterise the 
spatiowemparal separation of two adjacent events in 
t part of the bistory of Nature in which these 
Newlonian forces act. To dealing with asy perticular 
field of Newtonian force we must therefore Find a set 
of gr vhich (o) satisfy the general equations of motion, 
nd () differ sumericaily from the potentials which 
the traditions? theory would ascribe to this feld by 
aqounts which fali below the limits of experimental 
error in the experiqents that have alceady been done 
wish suck elds, Tf thin can be doce, the resulting 
‘uations will have at least as good a claim to represeat 
the faci of motion Jn this feld ax the tralitional 
squsions And if, im addition, they cosble us to 
‘predict small residual eSect, which are not accountable 
{or on the traditional theory but can be observed when 
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looked for, they will have beter ciaime tn truth than 
the traditional equations. It must be admitted, bow- 






‘modified equations could no doubt 
‘waditional views of apece and time, provided suitable 
modifications were cade lo the ‘expres 

otentiais, 

Evidently then we can only hope to find evi 
{for or ngaingt the preseot theocy by conaidenng definite 
Aialda of force sod the observable phevomacie that 
happen in them. And, even #0, a1 it seems 10 me, 
ro absolutly conclusive proof of the theory xrill ever 
be found, since alterative explanations which isvotve 
the traditional views of space, time, and force could 
alvays be coostructed 10 8 the facts. If, however, 
hate should prove to be very complicated and artificial, 
‘us compared with the explanation offered by the new 
theory, we shall have the same sort of grounds for 
pecletring the Inter as we had for preferring the 
Relatinal Theory af Motion, in sprte of the fact that 
no downnght relation of the Absolute ‘Theocy it 
possible, 

(2) We have sow to raise the question whether 
Nature, a1 sum total of events, has any one type of 
Intrinsic steucture always and everywbers, and, if $0, 
‘of what type the ieteinse structure is. it is adesiied 
hat not all forces ace non-Newtonian, 12. cha, if we 
ingit om ying t0 sefer all the events in Nature to 
4 Nevionian frame, many particles will at some time 
in thelr Bistory be subject 10 observable forces with 
eapect to it, And there is 20 frame that wn can ‘ake 
‘which will transfor way al! forces always and every- 
‘There, hough itis always possible to nd « suficiendly 
‘Wild frame whick will uansfore sway Newtonian forces 
‘ores & small enougt zegion of space for a short exosgh 
lapse of time. Now we might deal with this fact mm one 
of two altemative ways: (2) We might bold that the 
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Ineinabe structore of Nature is suck that the apatio- 
‘temporal separation of a pair of adjaceat events can 
take the Newronian form always and evecyshere, We 
shall thes bave to hold that this fact is disguised from 
tu by the presence of forces ia Natura, which appear 
in every fume we choose. This is a 
view that tha English Government always chose ada 
able bishops for Ieelod, but unfortunately they were 
always stopped 00 Housslow Heath by highwaymen, 
‘who exchanged clothes with them and tavelled on 
their couches. Or (6) we might hold that Natare is $0 
constituted that no frame can be found with respect 
to which the sepacation takes this simple form. We 
aight then try to explain the forces, which are found 
all frases, by reference 10 the intrinsic peculiarity 
cof wtructure ia Nature, whied. prevents the separation 
{om being expressed in this simple way. 

Before atuempting to decide between these two 

ahernatives for the dysazical case, 1 wll, as sath 

Musteate their precise ceasing by 
‘geometrical example. Suppose 
people were confined to the sur- 
face of © sphere, and chat they 
took ae axes 2 pair of mutually 
cormal great circles. The co 
ordinates of any pout P on the 
sphere are to be the arcs of the 
two great cicles through it which 
sre norma! to these two axes respectively. The figure 
Above will ltuseeate the arcangement. 

If they measured the arecz OP, Pet and Pa, and 
found theie lengths to be 7 # andy respectively they 
woud fad that # is not equal to 3°47, as it would be 

‘the square of the spatial separation for adjacent points 
(on 1 sphere were ofthe focm 42°44". But, if they were 
specially wedded to the view that the spatial separation 
‘ad take this form, they could get over the cificalty 
by asseming that there are forces of suitable magai- 
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‘des and directona at diferent poiets oa the sphere 

hich distort thelr measuring rods. Conversely, thay 
might just recognise that dhey were “‘up against" an 

‘of spherical surfaces, and avoid the 

when you 







to Newtonian fraznes, you can either leave it at that, 
cor take up the suggestion thet Natore lug such an 
{nteinale structure that the spatio-temporal separation 





‘The actual relation between r, the total separation, 
and sand y, the co-ordinates ia thit system i 





where & is the radius of the sphere. If the observers 
conficed themselves to a very small region, the sines 
could be replaced by the angles themselves, und the 


‘elation 
Paetr, 


‘which ig chamcteristic of the Euclidean plane, would 
pproximately tokl. This I aralogous to the fact, 
tlceady mentioned, tha: it is always possible to find 
‘s frum, ja terme of which particles move with usiform. 
rectilinear velocities for & taficiently small region of 
Space and far a suficieatly small lapse of time, though 
‘aot for all places and all time. 

‘We can now ratum frou the geometrical analogy 
10 the dynamical problem. If we consider the various 
Kinds of Newtoaine forces we find that they divide 
sharply into two classes, vir, gravitational altractions 
fand the test. We have abeaty pointed out the 
peeullarties of gravitation. Tt acts always and every 
where, ic is fadependent of all propertiat of mater 
except its inertial mass, it is indifferent to tbe sum 
rounding mediom, and so oc. We mw that these 
peenliaritiea male gravitation closely mnalogous to the 
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non-Newtonian forces to which x particle, at rext or in 
‘uniform motion in a Newtonian fame, 33 subjected 
‘when referred to 2 nos-Newtonian frame Agzin, we 
ftw that, iz no frame corsposed of material axes and 
clocks, could » particle Eterally be under the action of 
tno forces, since there would always be gravitational 
attractions betwee it and the axes themselves, chough 
these might be negligible if it were m sabtary parle 
refereed to the fed mara an axes. For these reasons 
it seems plausible to suppose chat gravitation, at least, 
is something connected with the istrinsc structure of 
Nature a5 4 som total of events. This structure is such 
that no frame, in which the spatio-temporal separation 
takes the simple form with constant coeficients, accu 
ritely fia the whole of Nacure and the gravstaconal 
forces, which we find when we use a Newtonian frame, 
‘ze a5 expression of the ~mis6t" of that frame to the 
structure of Nature. This is exactly analogous to the 
fact that the contracting: and expanding forces, which 
‘observers on the sphere would have to assume to be 
Acting on their measuring rods in the last example, 
‘would simply be an expression of the **misht” between 
the intriasie character of the surface of a sphere and 
‘the plane system of corrdinates which they insisted 
‘on epplying to it 

‘An regards other Xinds of Newtoalan forces, which 
Aepend on the aptcial properties of bodies and of the 
motives, acd do not show themiclees always and 
everyuhere, a5 gravitation does, we can hardly expect 
1 similar explanation to work. “We may illustrate this 
diderence again from the exa=pie of people living on 
the surface of « sphere aod trying to measure it, on 
the aszumption that the expression forthe square of the 
spatial separation of two adjacest points smut be redve- 
Ile t0 the simple form det+qy*. Let us suppose that 
there were big Gzes bursiog at some parts of the surface 
of the sphere. The mesturements of the observers 
‘would thes be inconsistect with Weir fundamental 
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‘sumption and would have 10 be “‘cooked” in two 
diferent ways: (@) They woalé be rsiemateally 
‘wrong on account of the fact that wo aynem af o> 
Cedinates on the surface of a sphere can really give 
{an expreation for the separaiog, which shall involve 
only constant coeflclents. This systematic error they 
‘wil bave © corvect by ascribing contracting and ex 
panding forces ca their rods wo the sphere ise. (#) 
‘Apart from these systematic errs, there will be specsal 
‘Becropancies wen they measure near oon of the fires, 
10 the physical expansion of their rode tn such 

‘ aeighbourbood. Now we should say that i¢ wat 
‘unrasonable of the abservere ta ascribe the speclal 
iscerpancea in their measurements tear the firts (2 
forces acting there oa their rods, for there i sowethi 
visible and tangible there (vi, the fie) to account for 
these assuned forces. But we sbould think it very 
foolish of thesr 10 ascribe the syrimate dwcrepancy 
betwees measucemest ard theory, whieh they find 
evurywhere on the sphere, to forces bound up with 
he ephere and varying ih systematic way from place 
to place oa its surface. We should advise thei, 
instead of sticking sbatioatly to their view dat the 
Separation of adjacent pow oa the sphere mut «the 
he fac with constant coficients and then invoking 
forces ta account forthe diserepancies between this fart 
and theie obsereatons, to see whether they could not 
scoount much more simply fr the facts by supposiog, 
that the surfice on which they live is inerinsically of 
such a character thet na set of axes, ia which the ex 
pression for the sepacation of two adjacect points kes 
thin specially simple fora, cao exist upon it. fa the 
same vay, when you End that there isa crruin tied 
Of fore, viz. gravitation, which acts always and every- 
‘where on all particles, when relerred to Newtonian 
frames, It becomes reasonable 10 suppose that this 
“force” is merely an expression of the inappropriate 
neat of a Newalan fame to the intcinaz scruchure 
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of Nature, a5 2 sum total of evesta. Other Newtonian 
forces, which act in one place aad not in others, or 
tt ong time and not at another, or on aoe kiod af 
matter and sot on. another, are in a dierent sitution, 
and may be compared to the Srex at various planes 
fon the sphere ia our geometrical example. 

We are going to see thea, whether we can account 
for the gravitational forces, which ate preseat in all 
‘Newtonian frames, by tbe assumption that the evwats 
fof Nature form an interconnected manifold of such an 
Intrinsic etrucnure that mo frame of celerence can be 
found, ia reapect to which the expression forthe spatlo- 
temporal separation of two adjacent events acerstely 
‘akes che form (8) with constant coeficients. 

Now we have 20 far distioguisbed two kinds of 
ssurfuces in ordinary epact. Web one of ther (euch 
sas the plane, the cone, the cylinder, atc.) it was 
possible to find w system of co-ondinatas on the surface, 
‘in terms of which the expression for the spatial vepara- 
ton of twa adjacent points, at measured along the 
‘surftce, contains only constant coeficients. The sign 
OF thin was the vanishing of the Riemano-Christotlal 
“Tensor. ‘The more familias criterion in that such 
snurtices are either planes or can be unfolded without 

istortion oe stretching into planes. In the othec kind 
‘of fuclace this condition in not ful6lled. We gave 
the aphere as an example. We agree then that the 
‘universality and other peculiarities of gravitation suggest 
that the struceure of Nature, as a sum toml of events, 
ix ot formally analogous to that of surtaces of the 
first kind, 12, we shall henceforth reject the view that 
the Ioteingie structure of Natare ix ouch that the 
Riemana-Cheisfle! Tensor vamicher for sll frames of 
reference withia Nature. Does Nature chen impase 
ino general condition on poseible fumes of reference 
except this negative one? 

TE we return once more to elementary georoetry we 
shal see that the auctices for which the e=pression for 
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the spatial separation cansot take the form with constant 
cocfficients can be further subdivided. We took the 
apbore ax an example of such a surface. The outside 
of an ogg would be axother example, Now them to 
surfaces ave an importaat intrinsic difference. A 
aphere ia a much mor special type of surface than 
an eggshell, jut as a plane or cone is af a muck 
‘more special iype than a aphers. ‘The sphere agrems 
i ‘zed Giders from the eggesell ix the 
‘rispect: A triangle bounded by arca of 
loa 00 the sphere could be alid about alt 
‘Over the suslarm, remaicing everywhese in complete 
‘contact with i, and needing no strcteblng or disto 
Jn fact any Ggrure that fits on to the sphere in one past 
‘will do 90 in all parts, ‘The same is obviously te 
of figures in a plane. It is not true of figures on 
the surlace of an ogg-abell. A cap, which fitted the 
‘bone wad of the eggshell, could nce be made t ft 
ceaactly ao to the sharp ead without stretching some 
parts of it und folding others Thus, granted that 
the Riemaon-Caristofiel Tensor does cot vanish for 
‘Natuce, aad that the intrinsic iateroonnexions of events 
Jn Natuce are therefoce not forcaally analogous to those 
of points on a plane, the question can still be mised : 
‘Ace tho ietringic relations of events in Nature foraally 
‘analogous to those of points on a sobere or to those of 
points on an egg-abell? If the former altersative be 
fulfilled a fsnction of the ¢’s. derived from the Riemann. 
Christofel Tensor, and called the Medifod Riemaw 
Chrisefel Teas, will bave to vanish. This vposes 
‘= timiation upon posible 2s, and therefore upon 
Possible natural frames of reference, but the restriction 
in leas cigid than it would be if the unmodified Tensor 
were to vani 























2 certain 
{ntelnsic peculiarity in the structure of Natare extibite 
itself, we might suppose shat the equating of the 
‘Modited Teosor to O would be tha gecerallued expres- 
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‘sion for the law of gravitation, wit 
admissible fame of reference. So far, however, this i 








events, And it might be that even if this were true, 
the structure is not of the particular kind which is 
expressed by the vanishing of the Modified Tensor 
Here, a3 elsewhere, we must carfully 
between what aagzene the Uheory and what ver(hs I, 
‘What suggest that gravitation is an expeeasion of the 
freneral intrivaio atracture of Nature fs its university 
and a pecudariteg a3 compared with other forctt, 
‘What sugges taking the vanishing of che Modlied 
Tensor as the expression of this structure is that it in 
the next siraplest asgumption to make, aher the fais 
Tntve proved to be inconsistent with che stil more 
special structure which would be indicated by the 
vanishing of the unmodified Tensor. We Dive now 
1 909 what vere the theory Urus veggested, 

"We know the traditional form of the law of gravita- 
tion, with respect 10 the nearest approach that we can 
rt to Newtonian Games. For a region free trom 
tater (approximately for the inside of an exlausted 
‘bulls ic tae dba form af Lapiace's Eqaation 

AV 7v av 

Beto 
‘where V stands for the gravitational potenti ata point 
ia the region, and x, >, and # ate the Cartenan co- 
ordinates of this point with respect to a Newtonian 
frame. ‘There is 0 doubt that this equation is true 
to a very high degree of approximation. 11 follows 
that any candidate for the posizon of the true law of 


























indeed from Laplace's equation, when 
expressed in corms of the searest approach 10 & 
Newtonian frame that we can get. 
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Now the Modifed Riemana-Christael Tensor is 
an expression involving second order difierential co 
efflients of the 2s fora frame, with respect to the co- 
‘ordinates and dates of az event az cefered to this frame. 

Tbeeween it and the 
lefthand side of Laplace's Equation, if the ¢'s be re- 
garded 43 analogous wo Laplace's V. The sighthand 
side fs 0 in both cases. Now Laplace's V ia » potential, 
and we have already seen the close analogy between, 
the ¢'s of a frame and the potentials of the forces which, 














only question that remains then, is the following Can 
we find x set of len functions sp of the Newtonian 
coordinates and clock-readiogs, which (a) when sub- 
‘uituted in the expression for dhe Modified Tensor 
make ic equal to 0, and (6) differ 30 little from the 
geaviauonal potentials of the ordinary Newtonun 


theory that the difference could only have been detected 
lay very special methods, and when there was & very 
special reason for tooking for it? MC wo, we may 
eagosably suppose that gravitation «: an expression 
of the fact chat Nature has « lend of sotrinssc stracture 
formally analogous to that of the sphere, and tbat 
the formula obtained by equating the Modsked Tentor 
to 0 4s the true fort Of the law of gravitation. The 
anewer 10 thie question 1& in the afirmative; and #0 
we may take i that the vanishmg of the ModiSed 
‘Tensor 1s the trae form of the law of gravitation for 
1 region empty of matter. 

‘There is one paint which rust be mantioned bare. 
We are accustomed to think of the tradivonal law of 











inversely proportional 10 the square of the distance 
between thom. And we are wont to regard Laplace's 





ferential equation as a rather recondite mathematical 
eduction froas this. In the Relativity theory of gravi- 
tation the order in coversed, The lew obtained by 
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quating the Modified Tantor to ois directly analogous 
ta Laplace's Equation. The notion of remote particles 
utracting each other is hece a eather reoondite mathe 
matical deduction from the differential equations. Ta 
fact, material particles tara up now only as points of 
singularity in a gravitational field; the Geld itself is 
the fundamenta! thing. And, when you do make this, 
eduction, it is found chat the force between two 
particles is not wholly in the line joining them, if [ 
ay put it rather crudely. The rema 

which the new form af the 

the slow rotatian of the orbits af the planets a9 wholes 
in their own places This bad been noticed for the 
planet Mercury, and was snintelligible on the tradi 
onal law of gravitation. It is apcounted for both 
qualitatively and quantitatively by the Relativity 
theory. 


"The lan: polat co be nticed i that, on the present 
theory, gravitation modifes the morexents, not merely 
fof ordinary material particles, as on the traditional view, 
Dut alno of any form of woergy, sech ae light, mdiant 
neat, etc, which travein through space. We must 
‘aw nen hiow this comes about. In the frat place some 
‘nuch consequence is woggeated at once by the madifca- 
‘ons which the Special Theory of Relauvity entails in 
tha traditional conception of mass, We saw at the 
‘teginaing of this chaplar that, if 2 body moves with 
velocity # in a stright lice with respect to a Newtonian 
4 ™, 

frame, itis necessary 0 ascribe wo ita mass Ms, in 
joo 
3 












acine tye the Prinigin of the Comerenion of 
Cass we nates ae Tein 
Re nape uae We Sone 
ths is aprocinaty mya t0 OME Now ee 
seo crm as hae agy toa pers 
divided by the square of the velocity of light. It is 





GENERAL THEORY OF RELATIVITY 213, 


thas certain that the dimetic esergy of a particle of 
ricer appease a8 an increase in fin merel mass. Tt 
therefore plastic to suppone that aay region Glled 
‘with oy orcs of enezgy, such aa ight of mdiaat Beat, 
‘Pould thereby acquire an Soertal mass equal to the 
foral esergy contained in it divided by the square of 
the velocity of Tight IC by no means follows, on the 
tradicional theocy of gravitallon, that auch a region 
‘would contain any greviiieonal mass. Tt in true that 
for any parucle of matter the gravitational and the 

tial ances are proportional, to an axteamely high 
degree of approximation. Still, this would be com 
palible ‘with the view that the. gravitational oct 
eprade wholly on the factor My; soting that the 
second factor io the foerdal mass contaian the square 
ofthe velocity of fight ia it decominator, and is there- 
{ore excearvcly small uniem the energy of the body be 
caccmively great. Ox this view we ehould not expect 
beam of igh to have geaviatonal ass, in apne of 
{ts baving inertial mags. On the otber band, fix of 
‘course potsible that Ove gravitational and the inertial 
teases ace always exactly, and not eecely appre 
tmately, proportional. In that eau we should expect 
the courge of a beam of light m be modified when it 
passas through a gravitational Geld, just ax the path 
Of # material particle is known to be modiied under 
Tike conditions. Now experiments with pendalue 
hand aleeady suggested very strongly that the gravita- 
Sonal mase of a flece of matter in accurately, and not 
merely approximately, propoctional to ite whale inertial 
tzass, and aoc only to the fr ctor 1a this. Thus, 
the Special Theory of Relativity had already made it 
fextemnly Tce that the course of a boun of light oF 
lany othee Kind of radiant ecergy would be modified 
trben it pasted through « gravitational field, 

‘Now what is thas mecsiy a plausible saggestion on 
the teaditanal theory of geavhation, combined wits the 
modified dyaamice of the Special Theory of Relativity, 
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is a necessary consequence of the Geceral Taeory of 
Relativity, We know that light would not travel 
uniformly or in a straight fice witk respect 10 son- 
Newtonian frames, The people, ef, who used the 
spoins of the routing whee! as their axes would not 
find that light travelled in a straight line with respect 
1 their axes of with a vniform velocicy with reepect 
tw their clocks. And the actual courme that a beam of 
tight would fallow in their system would be determined 
by the g's which charactenoe that system. Now it i 
fundassental assumption of the General Theory that 
the analogy between the g's of « non-Newioaian frm 
‘and the potentials of the nox-Newtonian forces which 
ct 00 particles with respect to that frame is ta he 
sxteaded to the potentials of Newtonian forces, 

‘Suppose thes that we bave found the equations for 

the path of « bear of light with respect to any frame, 
in terms of the 7 of that frame, on the assumption 
that it would move accurately is a straight fice witb a 
uniform velocity relative to a Newvoaian frame io the 
bneson of gravitation. To find itn actual path with 
respect a Newtonian fame in « gravitational field we 
must jut substitute in these equations those values of 
the g's which (a) satisfy tbe condition that they males 
the Modified Riewann-Christofel Tensor vans, 
@) account for the observed strength and disuibution 
0 the ficid. These equations will not ia general 
represeat_ motion with a uziform velocity ma a 
snraight fine wih respect to the axcs defined by the 
Gxed stars. The divergence, which is exoemively amalt 
even in the intense gravitational Geld which surrounds 
a buge body bike the sua, can be calculated and hax 
‘been experiosentally detected. 

T have now sketched to the best of my ability the 
‘gradual modifications which experimental facts and 
fellection upon them fatre forced upon physicists 
‘There are two dangers to be avaided here by plain 
men. One is to think that the Theory of Relativity is 
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casentally uniateligibie to all but profound mathe- 
‘atiians, and thet thecefore it in useless to try 12 
‘understand f. The other, and auch more serious 
danger, is to suppose tha: it cas be made ineligible 
in popular expesivons of » few pages to men who have 
never had aocasion ta consider the subyecss with which 
ie deals, Like every other conceptual scheme it grow 
up, by ® Kind of Sauer secesity, ageiast 4 whole 














corthodas doctcne ofthe Trisity is to persone who know 
Dothing af the thealogie) coctroversies which preceded 
the formulation ofthe Athanasian Creed, Inthe oourye 
‘of say exposition I have costundy enlivened the dix 
‘cussion by geometrical aneodotes aboot mea Uving om 
spheres, and dynamical parables ubowt perso wich 0 
unintelligible focdeess or rotaing wheels a5 axes of 
reference, 1 think this course was lneviabl, in order 
to illustrate the conceptions which 1 was expounding. 
Buti hes the grave duadvanage of breaking the tain 

‘argument and obscuring that diatoction between 
Inference ané ilustration which it is s0 important ta 
‘eeep clear. 1 shall therefore end by summarising the 
‘whole mater in a connected frm, 

‘Shrumary of Arguments ead Comcusons of Part 1. 
(ey Nature ig sum toal of interconnected events; 
And every acwnl evect iaats for sore time, has some 
enension, and is in spatiotemporal relations t0 the 
ther events, in Nature, (3) But the extensions, 
durations, and spatiotemporal relations of erents art 
of auch 2 kind that we can apply the Pricciple of 
Extensive Atatracion to them, and. hus deine 
“ngtantancous pointevents" and their exact spatio- 
tempor relations. We can thes give « clear matt 
to te satement that the actual extzaded and eoduzing 
fprenty of Nawure are ‘“composcd of” insartancous 
Potstevents, and Ut che crede relaions of such actual 
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cevests are ‘compounded out of" the exact relations of 
‘the instantaneous poiat-events whieh compose them. 
() This being 20, we can Senceforth sally state out 
theory in teres of astactaneous pointevents and their 
exact reiations, which are otra sok, though not 
otore Natore. Foe we know bow to translate pco- 
onitions sbost iomantaxcous poisi-events and their 
merily amcroale relations into propositions about 
actual extended and enduring events and their per 
‘ple relations. 

(4) It Is taspoasible to state general lass about the 
ceveots in Natoce til we bave xed on some way of 
aaigniag & date and a position to every instantaneous 
polatevent in Nature. For the laws of Nature express 
‘universal (ypes of conmexico between events of oct 
kind happening io one place at one date and events 
af the same (or some other) Kind happeniag at tbe 
‘mae (or some other) place at the same (6 soese other) 
late. Ifthe places acd datea be diferent, de laws of 
[Nature wil fa general ievolve the diferesce between 
the spatial co-rdinetes and the diffrence between the 
dates of the eveot (3) Taare we iofsitaly many 
diferent ways of antigaizg places and dates to all the 
innantansous pointeveots in Nature; but each will 
inwolva the choice of certain observable eveats und 
pprocemes fa. Nature as spats) axes and ticomeanerer. 
All other events with be placed and dated by the 
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Reference. (6) It 9 reasonable 
expression for the laws of Nature 


far placing and dating the events of Netore and party 
‘on the inteiosic structure of Nature. Tbe aim of: 

should be to find general foromule for of 
‘Nature, which will immediawely give the special ex- 
presaion of the law in terms of any particular fame, a3 
008 45 the defining characaeistics of the frame are 
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known, This ic as ocar ax asyoor but God cas get 
to the absolute laws of Natore. (7) There are two 
inurinaic peculiartes of Natare which reveal them- 
selves at once. (4) No matier what frame we choose, 
‘we ahall_ need jour independent pieces of informatica, 
place and date any instantaneous poiatevent. This 
fact is expressed by saying chat Nature is a four 
dimensional manifold ; azd nothing further is expressed 
thereby. (fp winteer me we chose we shall 
find that oar foor pieces of rsformabon divide into 








two groups; 
poral. ‘Thus we cust be careful not & talk, or listen, 
1a, nonsense about Tune being « fourth duneasion 
of Space." 

(B) There ia one frame which has been tcily uand 
in the past for placing aad dating the events of Nature 
Jor scientific purposes, and therefore the laws of Nature 
uve been expressed in terms of this frame. ‘The axes 
of i are defined by the fixed stary, the dating ia 
by pendulum clocks get in agreestent with each atber 
by means of light signals. (9) The choice of this frame 
16 not altogether azbusary. With it, te supposed laws 
(of Nature-can be axpressod is a comparntively simple 
form, and yet ate veriSed to high degree of approx 
‘mation. Wath ic, again, distances and sime-lapses 
which we shou'd immediately judge ta be unequal, 
when we are favoucably situated for making such 











Immediately judge to be equal, under 
‘Hons, err either exactly or approrimately 20. In many 
{frames this approximate agreement wich our ammediate 
Judgments of equality and inequality would not hold. 
(20) Wich respect wo such a frame, light ow samo 
Atuvels, t an exxomely bigh degree of approximatica, 
lq stenigts lines and with » constant velocity ; and the 
laws of motion, the traditional Newtonian form, are 
‘very approximately true. Until quite recent years there 
‘was 0g motive for adding these qualifying phrases. 
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(12) Suppate now that we take se of frames, whose 
locks are set in the aaine way as those of the funda 
imental frame junt deseribed, and whieh only dif from 
1 and from cach other in that they move with various 
uaiform veloctles ia the same straight lise with respect 
10 the fundamental frame. On traditional views abovt 
the measurement of space and time the measured time- 
lapse berween any pair of events should be the same 
‘with respect to all these fames, and should te indo- 
Pendent of thelr spatial separation and of the ralative 
‘Yalocitins of the two frames. The spatial separations 
hauld have different measured values an terme of any 
‘wo fumes of the set, and they should depend om the 
‘me-lapoe und the relative velocities; but they abould 
depend on nothing elie, and the canpexion between 
them should be af a very simple form. If this be 
10, the measured velocity of anythiag, that coves with 
reapect to the various Games should be different for 
each frase. (12) But very accurate experiments, wale 
‘would be quite capable of detecting these expected 
itlrences ia the measured velocity of light with 
reapect to a pair of auch frames, fail to show sny 
sign of diference. Hence the tradwional views about 
the measurement of time aod space must be revised, 
co some purely physical explanation mart be found 
for this disereparcy between theory and obserrtion, 
(04) No plausible physical explanation can be found, 
‘which does not conier with other  welkestabished 
1 reaults, Hence the trivial Views about the 
measurement of spuce und time mut be revised. (14) 
The transformation equations of the Special Theory 
of Relativity expreas the relations which must hold 
between the measured distances and the measured timo- 
lapses of a pair of events with respect to any two frames 
of this se, if the ceanured velocity of ght with respect 
to all these feames is to be the same. They mast 
therefore be 
formation equations the measured tlmelapses between 
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tha sume paic of erents will nat be the same with 
respect to all frames of the set. They will depend on 
the measured distaces of the events and on the relative 
velocities of the frames. And the measured distances 
will not be connected with the measured time-lapses 
im the simple way in which they aze connected on 
the traditional theory. The differences between the 
lraditional transformation equations and those of the 
‘Special Theory of Relativity are, however, oo extremely 
amall, when the relative velocities of the frames are 
samall 23 compared with that of light, that it ig not 
surprising that the defects of dhe traditional riew should 
fhave remained usnoticed ustil recent yearn, (26) [t 
follows that, although (a2 stated in (7)) the distinction 
‘ntween time and space wilh appear ia ery frame, time- 
‘separation and space-separation aze not sndopendent fasta 
in Nature, Events that are separated in time but co 
incident in space for one of these frames vill always 
be separated in space for another of them. And events 
‘which are separated in space but ooineident in time for 
‘one frame will be separated io time for another. But, if 
‘a paic of events be comesdent both in time 
Ser one feasse, they will be 20 for all 

(7) Newton's laws of mation are fn such a form that 

















‘tranaformation-equationt 
cowaciunt for the transformations of the Special Theory 
of Relativity. On the other hand, Maxwell's equations 
for the electro-magnetic Geld are co-ariant forthe latter 
and not for the former, ‘This maans that Maxwe 

‘equations are alresdy in # form which remaing un- 
changed with chaage of frame, oo long a8 we confine 
ourselves 10 the particular group of frames at present 
under discussion and uge the transformation equationt 
which the facts about light have shown to be necessary. 
Since this is not tue for Newton's laws, unless we use 
‘set of transformation og uations which the facts about 
light bave proved to be lightly inaccurate {vin., 








220 SCIENTIFIC THOUGHT 


those of the traditions! kinematics}, we aust con 
clude that Maxwell's equations are a searer approach 
to “absolute” laws of Nature than the laws of motion 
In their traditional form. (18) 18 is, however, eazy to 
‘auike qoantitatively small modifications in the traditional 
laws of motion, which will reader: them co-vasiant forall 
eames of the present set when the true transiormation 
equations are used, The modifed laws will then be 
a5 near an approximation to absolute laws of Nature 
as Maxwell's equations, {:9) The necessary modica- 
Hons require us to drop the nation that inertial masx ix 
fan absolute constant. The measured inertial saat of 
{particle with seepect to a frame of the set depends 
‘on its velocity in that frame, and very approximately 
splits up into two factors, ove af which is a constant 
and the other is its traditional Kinetic enengy divided 
by the square of the velocity of fight, (20) Delicate 
experiments with pendula sroogly suggest hat the 
(graviiadomal mass ofa body is accurately proportional 
1 it fel werdal naar, and not merely to the part of 
this which is independant of the energy. (21) The 
frame whose axea are determiced by the fxed mars 
land whose clocks are regulated by fightsignals, and 
All other frames. whose clocks ace regulated in the 
same way and whose axes move with a umform reti- 
linear velocity with respect to the former, together 
make up the set of eropircaly Neotomen framer. With 
expect to all frames of this set iis conan that Sight 
travels very sppronmately in straight fines with the 
same constant velocicy, ad it is certs that Newton's 
faws of motion—as modiied by the Special Theory of 
Relativity—very approximately old. So close is the 
approximation in both cases that nothing but theo- 
retical considerations would induce us to loak for any 
exception tot. We have now to remove our previous 
restriction to Newwolan frames, and te try tn geveralise 
the laws of Nature for frames that are nor Nemonian. 
(a3) [eis pousibie cm keep the form of Newton's frat 
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two laws of motion or non-Newianias frames, provided 
wwe will invedace approprist: noa-Newionian forces 
‘Witeach som-Newnoaian frame. ‘These forces will be 
‘eculln in tha (4) they act on all particles refered && 
{he fame, and are in general fuoctans of the position 
acd date of an event in the fame; (3) they depend on 
‘ao propery ofthe particle excep its inertial mass; and 
© they do not ie. general obey Newn’s third law, 
Aileen” concealed particles be assumed ad fac to carry 
the action. In the Gem two of these rexpects they 
resemble the Newtonian force of gravitation. (23) 
‘According to Newioa's frm law a particle under the 
action of 20 force rears or moves uniformly in 
straight line with ceapect to a Newtonin frame, This 
is equivalent to saying thet the tual spatiotemporal 
separalion between asy two remote events fe io kustory 
in'ether greater o: lea thaw it would De for wll other 
pounbie ways in which tbe history af the particle might 
tiafold itself between these Ewa events. (34) The spatio- 
tersporl separation betwee two adjacent eveors (uals 
‘the spatial and the temporal separations) i ladependeat 
of thn frame of reference, though it depends on the 
ftinwe structure of the region in which the events 
Ibappen, and this ia tur determines the set of frames 
which can be used for mapping out this part of the 
story of Nature. It parcalar expression, in terms of 
co-ordinates anil dates, ofcourc varies with te particular 
tmmnbar of tha whole srt of adminable frames which 
{in used, Thus, the fet that the tora spatiotemporal 
separation between = pair of remote erent 

‘mum or minimum ic independeat of frases, though 
particular course for whic the total aparation is fo Sart 
Siationary diders according to the intrinsic structure of 
the region in which the eveats are contained. (25) The 
paricalarcoodisions which must hold ifthe total spatio- 
temporal separation is wo be a maxim of minizum 
fe be stated in a forex which applies equally to all struc- 
furep aod all famex. ‘The Gur equations which aum 
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up these conditions constitate the equations of motion of 
4 petcle, at least under the action of non-Newtonian 
forces. On comparing them with the traditional 
Neweonian equations, we see tbat the £5 which 
characterise any non -Nemonian frame are of the 
nature of poteotiais of the eon-Newtonian forces intro 
duced by that kazse, (26) We sow make two assuasp- 
tions, which are only jestiied in 30 far as they work. 
(@) We assune that it is a asieers! law of Nature 
‘hat a. particle moves ic such a way that the tol 
‘separnion of remote events ia its history x stationary, 
433 compared with that of all other possible ways of 
moving. This isto hold equally whether it be subject 
anly 19 non-Newtoaian or also to Newtonian forces, 
Jn that case the equations deduced for the non 
Newionian case become se equations of maton. (b) 
‘We asaumse that ia those regions of Nature, regarded 
as 4 gum cotal of events, is. which Newtonian forces 
show themselves, the structure of Nature 1s not sucb 
Uhat the separation canbe reduced to the form with 
constant coxficieats, Uf that be so) the course with 
the ‘xin total patiotempora separation 38 not 
a Eustidean stright line taversed wih # constant 
eocity, as jadged by « Newosian dock. We tent 
the sadiooal poteotils af the Newtonian forces in 
sy fellas Gewt approximations 10 « sc: of f°, which 
satify the general cqoations of motion thin deduced, 
‘And tee treat the reault an the true law of the field. 

(42) Continous manifolds of sever diccnsions, 
such au Nature has proved itself to be, ean be of various 
Sntinaially dierent kinds. As we cright put it they 
canbe plane,” "apheredike,” “*egg-tike, 

‘ma on. Whatever intrinsic spatio-temporal structure 
Nature may have, there will be an infinite number of 
‘iterent posible Eames t be found for placing and 
Gating the events of Nawure, Neversbeless dhe itrins 
rucure of Nauize wil impose cerais conditions on 
{ST pomible satura! ames of sefereace. These re 
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sricions will take the form of cerain very general 
‘equations connecting the z's of any possible natural 
frame. if the structure of Nature be planetike, the 
condition 1s that the unmodified Riemana-Christffel 
‘Tensor shall vanish for the 2's of ail possible natura 
frames. If its atrueture be apheredike, che condition 
la that the Modified Riemana-Chrstoffe! Tensor 
shall vanish for the g's of all possible frames, The 
latter is a less rigid condition than the former, (28) 
AL the Snwinsic structure of Natuse be plane-like, an 






And placing all the events of Natu 
will not. (to) Uf we try to map out 2 manifold by a 
frame which fa vasuted (9 us iting iru we 
shall only be able to square our measurements with 
four theory by the assumption of fares which distant 
Our measuring msiroments and upset ther reading 

(Go) We exnot Bod any Game that sil transform 
away. graveational forces aways and” everywhere, 
though we can Bnd non-Newtonian frames which wil 
transform them away over sulficently small regions 
of space and time. With respect to Newtonian frames 
Ail particles are always acted om by gravitational forces, 
though these may sometimes be negligibly small for 
practical purposcs. It ws therfore pinuabie to suppose 
fat the ‘university of gravitation with respect 0 
Newtonian frames i « mare of the midht between thi 
type of frame and the intrinsic strcture of Nature. 
GH) On the otter esd (a gravitation bas many 
Analogies to non-Newtonian forse, (@) the tradivonal 
taw of gravitation, which is cersiniy very neatly true, 
can be expressed as  diflerenual equation of tbe 
Second orden, involving the gravitational potent at 
4 place and the co-ordinates ofthe place with respect 
to Newtonian axes; and (¢) we have already assumed 
that potentials and the g' of frames are mutually 
equivalent. (32) The facts mentioned in (3!) strongly 
iiggest that the law of grariation mug by some 
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general candition imposed on the g's of all possible 
Tatura frames, and expreased as a diflcenthl equation 
of the second onder involving thaw g's The tats 
‘mentioned ia (jo) suggest that this condition is net 

“Tensor vanishes. For, if this 
inaie structure of Nature would be 
sited to it, and the 
necessity of amuming graviutional forces always and 
ceveryahere with Newonian frames strongly suggests 
that this is mot so (33) Tt i obvious. that the 
‘next auggestion t0 try is to suppose that the Saw of 
grvication is expressed by the vanishing of the 
Modified Tensor, sto that gravitation ip the sigu of 
an intrinsically sphereslike structure in Nature. (94) 
{t is (ound that, if this be the true law of gravitation, 
the observable effects wall in most cases difer 20 Tithe 
from thooa predicted by the traditional law that the 
Aiderence could not be detected. Hence the very full 
venfication which the tradmuonal law bas reocived is 
no obstacle 10 accepting the avended law. (35) On 
the other band, there ave certain very special cases 
in which a small observable eflect might be expected 
cn the new form of the law and not oa the off. In 
such caves (notably the movement of the 
Mercury and the Dending of a ray of ight 1 passing 
near a very massive body lke the sun) the. predicted 
cffects have teen verifed both quabistively and 
quantitatively, 


‘The following additional works may be consulted 
swith advantage: 





















ALS BOOINCION, Ripet we Be elatraty Theory of 
Grovctanon 
Spas, Tom al torertchon 
1g Coumscitn, eames Echo They and nation 
1 Rinatave, Cher she Appoint ter Cretan 


PART I 
‘THE SENSATIONAL AND PERCEPTUAL BASIS 
OF OUR SCIENTIFIG CONCEPTS 


Contznrs oF Paar 1] 


‘Vite Matter and ta Appeazasces, Prelanmary Deistocs 
VILL, Tho Theory of Sean, and the Criveal Sewntiic Thaory 
YK The Postuons ant Shape of Sema and of Phymca! Objects 


1X. The Daten ned Duraboos of Sema and of Phywinl Objet 
od Eve 


2X1, Seamble wad Phywcal Mota 
IL, Seamble aad Phyteal Space Tune 


XILL The Phywotoycal Copdiboes of Senations, 294 the Ontor 
logical Stas of Seana 


CHAPTER VII 


Fallaot oo ocak, vapgee nine 

‘Opprasa etcer weataatet. 

‘Nam tarrm, prope qeae quadrats pt, 

‘Detr pece! angela rat 
(Parone: Arbo) 


Matter and its Appearasces ; Preliminary Definitions 


1M the Fiest Part we have been deatiog with the 
‘graduat development and rootiGcation of the taditional 
scientific concepts of Space, Time, and Motion, within 
the region of Physics. Taese concepts were take. over 
by scienos fom educated common-sense, and we have 
bean tracing the process of clanfcaton and definition 
‘which they have undergone at the hands of scientists 
jn pursuit of their own busioess. At two places only 
have we deliberately gone outside tbe range of ordinary 
‘scientifc reBection, The frst was where we explained 
the Principle of Extensive Abstraction, and tried 0 
junily by its means what stathecsatical physicists tale 
for granted, viz., the application of geometry and 
mechanics, stated in terms of points, iastants, and 
particle, toa world of extended obyects acd nominstan- 
‘taneous events. The secocd was where we dealt with 
the general problem of Tire and Change, and tried 
to defend their reality against che very plausibie ob- 
Jjections which have been made to them by ceria 
philosophers 

‘Now the careful reader will have been struck by 
‘wo points la Part 1. (1) He will have noticed that the 
‘yaw material,” which science took aver from common 
sense and elaborated, was cealy anything bot r= 




















The 
‘common-seast notions of a siagle Spare, a single Time, 
and pertiseet bits of Matter which exist, move, and 
cchaoge within them, are by no eicans primitive. ‘They 
must be the results of = long and comple protest of 
reflection and synthesit, carried out by countless genera- 
tions of men ox the crude deliveries of their senses, 
sambodied in everyday speech, and thus handed down 
from father to sox foe farther elaboration. The main 
couthnes af this concapual scheme have been accepted 
without question by scientiva, and we have 20 fr 
merely beea tracing those modifications of detail within 
the acberae, which a more accurate knowledge of the facta 
of nature bas shown to be necessary, In Past I, 1 
want t dig below the foundations of Part I, and't0 
try to connect the concepts of science and comeon~ 
‘seuve with theis roots in crode sensation and perception. 
Wf we shoud find, as I think we shall, that recent 
‘modifications in the traditional concepts, which have 
‘aoen made oa purely sciestific grounds, being the 
(general vchere into closer connexion with its sensible 
nd perceptual basis, this will be an additional argument 
in favour of such modifications, and should tend to 
nnevtrative the impression of pacadox which these Tater 
developments produce op men who bave been brought 
up on the traditional scheme. 

2) The second point which will have struck the 
reader is that practically nothing has been said oo far 
about the concept of Matter. This is we There is 
‘a much wider divergence becween the commonsense: 
land the scientific concspts of Matter than between the 
‘two concepts of Space orof Time, The scientifi con- 
cepts of Space and Time are fairly staightiorward de- 
velopments andclariScations of the concepts of common: 
sense, Bur common-sense thinks of Maser as having 
many lnuiasic qualities, auch a8 colour, temperature, 
tc., besides ite merely spatie-terporal charncteristice. 
‘Selence, oc the other hand, tends to think of Matier 
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1s being simply "'sbe movable le space," and toascribe 
‘to it no intrinsic nan-spatiotemporal qualities except 
mass, Now the treatment of Marter snd our knowledge 
‘oft will bring us in the moot direct way to the beart 
Of the problem of Part II, Matter ig adasiteed to be, 
(0 t be specially closely conateted with, what we 
perceive with our senses. And again, It would be 
‘adavitted by most people that we should oever have 
known of spatial attributes, Uke shape, sie, and posi- 
ton, if we had mot perceived bits of mater of various 
‘shapes and sizes in various places. Lastly, we learn 
‘about Motion by watching bits of Matter moving about, 
and by moving about ourselves. Thus, in trying ta 
hear ssp the celations beeween Matter, as conceived by 
science, and what we perceive with ‘our senses, We 
shall at dhe same time be dealiog, with the sensible and 
Perceptual basew of the cocepts of Space, Time, and 
‘Macon, So, in one yenge, this Part wilh be whotly 
about the concept of Matter. Bot this will lovolve a. 
‘mconsideration of the concepts of Space, Time, and 
Motion. T shall begun by stating the problem ie ics 
‘mont general form, snd aball gradually go into greater 
del, 

The Tradhtumal Nation of a ht of Motter—When 
fank what in meant by 2 bit of Mater the question 
ftsalf ambiguous. Te one gente a complete answer to 
it would be @ complete theory of Matter, and thia 
could only be made, if at all, at the very end of our 
discussion. This, however, if ot the sense in which 
ar asking the question here. All thet I ant asking 
What is the irreducible minimus of properties 
which practleally everybody would agree that an object 
must pomtens iit is to be called a bit of Matter?” 7 
think that science and common-sense would agree that 
‘at least the following conditions must be fulfilled: 
@) Its existence acd properties must be independent 
fof the minds that happen to observe it, and it must 
be capable of being observed by many minds. This 











state of mind. The lazer ix ina uolque way private 
to the person whose state it ie. My belief that 2424 
4s diferent from yours, though the two belels redee to 
the same fact. My belief cancot literally wander out 
fof my mind and turn up in yours It is teve that T 
may convert you from your erroneous belief that 
24205, and replace it by my true belief that 2+2~4- 
Thin does aot, however, mean that my belief has 
ibecome yours, in the sepse that it has Jeft my mind 
land taken up its abode in yours, Were this $0, 1 
could never persuade you of anything without losing 
my own belief in it, and schoolmasters would pre- 
sumably be distinguished from other men by an ultra- 
Humian scepticism as to all the subjects that they 
teach. This Is not, a fac, found tm be the case. All 
thar ceally bappeas whea A converts B to his own 
belief i that A's arguments, or the amount of A's 
bank balance, produce in B's mind a state of belief 
hich cefers to the same ict as B's belief, and has 
the sama relation of concordance or discordance to this 
fact. My belief and yours are only called the some 
belief sn the decivative sense that they are two different 
‘acts af believing which are related in the same way 
to the same fart. 

Exactly the same is true of desires. We do tome- 
fumes my that you and 1 bave che same desire; but 
what we mean is that your desire and mine, though 
tro sates of mind, have m single objec. Now, if 
there be such things as bits of Mater at all, they are 
rot private in this way to each mind, but are common 
to all the minds that observe them, We talk of my 
beliefs and year wishes ; we do not mall of rey hydrogen 
‘atom or of your electron. We just speak of she or shar 
stam or electron. Te Js, of course, true that x hat or 
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‘an vmbrela is regarded as a bit of Matter, and that 
wwe do tall of my bat and of your umbrella. But this, 
‘Which at fret sught seems an objection, is seen 00 
further mllecion to support what we bave been saying. 
‘Tae weose in which my umbrella is mine is diferent 
{roca that in which my belvefs ace mine. My umbrella 
Jn taine onty in the sense chat icin legally my propecty ; 
imy beliefasare mine in the sense that dey could not 
ist out of my mind or pass isto yours. You cannot 
take my beliets: itis only too fatally easy for you to 
lake my umbrella. So that even those bits of Matler 
to which we apply passessive adjectives are public in 
1 way in which no state of mind is public. 

(ii) A bit of Mauer i supposed 0 be neutral, not 
only between different observers, but also to be in 2 
cermin way neutral as beoreen several seuses of the 
same observer. We are atid 0 ore, hear, and feel a 
bell. This sort of neutrality is mot supposed to be 
complete. The shape and size of the beil are indeed 
supposed to be in some way common 1 sight and 
touch, Aa regards us sensible qualities the view of 
common-sense is that any bet of Matier combines 4 
‘number of these, and that diferent sensea are needed 
to reveal diferent sensible qualities. Tas sight, and 
1 alone, makes ss aware of the colours of bodies; 
touch, and it alone, makes us aware of their temper 
atures ; and s9 08. "But itis part of the ordinary view 
‘of m plece of Matter that all these various sensible 
qualities coveist in it, whether the requisite senses 
be in uction to reveal chem all or not. If we rat 
only look at a body, asd then shut our eyes and go 

‘a it and foot it, itis not supposed that it bad nn 
temperature ox the first occasion and 20 colour on 
the pocand. 

Gi) Thase two properties of publicaty, as between 
diffrent observers, and nevtrality, s5 between the 
various esses of 2 single observes, are clasely con 
Imected with a thicl featore which ig held to be 
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characteristic of Matter. Bits of Matter are supposed 
to perniot with very Linke change, whether anyone 
happens to observe them or sot, and to pursue their 
own afthirs and interact with each other, regardicas of 
‘ue presence and absence. 

(iv) This beiogs us to the fourth characteristic of 
Matter, It is commonly held to be part of what wet 
mean by a bit of Matter thet it shall have « more oc 
leas permanent sbape and size, snd that it shall have 
‘8 position in Space, xad be capable of moving from 
‘one position wo snatber. It is sdmived that bits of 
Mauer nce ‘constantly changiog their shapes, since, 
and positions} but it fa beld that they do this through 
‘their intersctions with each cher and not theough any 
change in our ucts of observation, and that in all tbeie 
changes they continue to have sme shape, size and 
position. If ic could be abowa thet nothing in the 
‘world actually has such properties ax these, it would 
commonly be held that the existence of Matter bad 
‘beens disproved, even though there were public, inde- 
pendeat, and persiseeat objects. 

Berieley, ss is commocly held to hare denied 
the existence of Mater, and) he certainly sought 
‘himself that he had dove so, Yet Berkeley's th 
odoubtedty involves dhe existence of certain entities, 
vin, the volitions (and perbaps the sensations) of God, 
which ave independent of the mind of any finite observer 

vd ace mental ag between my mind and yours. The 
reason why we say thet, if Beriniey be eight, there is 
no Matter, is because the volitions of God, ebough 
neotrai and independent of us observers, have nothing 
corresponding to shape, size, and position; whilst 
only entties which Beckeley allows to have thom 
attributes, viz, our sensations, are private to each of 
us, and exist only 30 Jang as we bave them. Very 
few philosophers have denied that chere are entities 
answering to the Srst three conditions. ul a great 
‘many have denied that there are any answering both 
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to these and to the fourth enadition. Such philosophers 
are held by themstives and by common-sense to bave 
denied the eximence of Matier. Now we shall bave 
plenty of opportunity for seeing that chere is x real 

ificulty in holding that the entities which have shapes, 
sizes, and positions are nextcal and indepecdect, and 
that those which are neutral and independent have 
shapes, sites, and positions. 

‘Before we consider these points in detail at all we 
‘must mention an additional complication wbict, though 
partly verbal, i sure to puzzle us if we do not resolutely 
drag it into che Hight. No doubt st is part of what we 
mans by a bit of Matter that it shall, 2 some seer, have 
shape, size, and position. But in how literal a tease 
smut this be true? We have already acer that, in soese 
sense, an extension or duration is composed of points 
Of of instante respectively. But thir sense 15 highly 
complicated and sophisticated, of, to ose a SAppy 
phrase of Dr G. E. Moore's, “ Plekwickias,” Now 
wwe shall doubelest be able to Sad Fickviclaan senses 
‘in which there are entities that ate at once public and 
extended. The question is: How Pickwickian may 
ihe terms in our statement become before it ceases to 
be neful, and becomes merely misleading, to say that 
wwe accept the existence of matter? Our cheological 
frleads have much the same difficulties an their inter= 
Preuuons of the terms that ace used in the Creeds Tt 
‘could obviously only be true in a highly Prckwickian 
sense that the Second Persoa of the Trinity 18 the son 
of the Fit No one supposes it to be true in the 
itera) sange in which George V is the son of Edward 
‘VII and the caly substantial point at issue iv whether 
the sense in which i might be trve (assuming, for the 
sake of argument, thar the Pecsons exist) m not 80 
‘extremely Picwickian that the statement is more likely 
to mislead than to enlighten. Foruaaitly for ws the 
terminology of our problem is not surrounded with the 
same emotional fringe as surrounds the terest used in 
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‘Theology. i fe no part of our duty to pay compliments 
to Matter, and so long as we state clearly what we da 
‘mean, it 16 of liede importance whether our terms be 
‘used in a literal or iz a highly Pickwichan sense. It 
‘ill bea question of taste whether :t sball be said that 
the theory that we faally sdopt amocnts to the accept 
‘ance of the denial of Matter. -[f we should be accused 
Of saying chat " Mamer 1s nor Matter,” we shall atleast 
De better off than *Dr F. R. Tennant, who labours wader 
the dreadful imputation of teaching that "Sin is not 
tes 





The Nobow of Senne Appesrence—U nave now tried to 
point out what isthe irreducible mmnrmusn of properties 
which ordinary people consider must be possessed by 
anything if tis to couat as a prece of Matter. 1 have 
‘also pointed out, by anticipation, that the history of 
philosophy shows there to be a great difieulty in 
holding that there are any entities which (161 all theee 
‘conditions in a litecal sense. Lastly, we have noticed 
‘that the question of the reality or unreality of Matter, 
thus defined, i not perfectly clearcut, because of tht 
practical certainty that many of cur terms wall have to be 
inverpreted in a more or leas Pickwickias manner, and 
the doubt whether ic is worth while to go on using 
familiae phrases after their literal meaning has been 
departed Gom beyoad 4 cerain porct. We must now 
consider what facts make it hard to behevethat anything. 
obeys all four conditions in at all a iteral sense, 

‘The difficulty arses because of the group of facte 
which we sum up by saying that it 1s necesamry 10 
dietingush between things as chey are and shings at 
they seem to us, or between physcal realty and sensible 
appearance. Difieulties always arise when two ct of 
roperues apparently belong te the same object, and 
{yet are apparently incompatible wich each other. ‘Now 
the difficulty here is to reconcile he supposed neutrality, 
persistence, and independence of « physical object with 

Sete ery Se, 
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the obvious diftrences between its various seasible 
Appearances to dierent observers at the sue moment, 
sand to the same obverres at different moments berween 
Which it ig held not to bave wadergonc any physical 
change. We know, ag, that when we lay = penny 
down on & table and view it fom different positions it 
feoerally looks more o¢ leas elliptical in shape. The 
eccentricity of these various appearances vasies as we 
move about, and so docs the direction of thei: maj 
axes. Now we hold that the penny, xt which we oy 
that we were looting all the time, has nat changed + 
faad that st 9 round, and not elliptical, in stage, ‘This 
{ay of course, only ane example out of millions, It would 
‘be easy to ofer much wilder ooes1 but it is simple and 
‘obvious, and involves ne complications about a tr 
mitting medwm ; 30 we will start with it ay n typical 
cage 10 discuss 
Now thers is nothiog in the mece etligticity or the 
mere variaoc, taken Dy itself, to worry us. The 
Aifficuty arises because of the incompatibility between 
‘the apparent shapes and the supposed real shape, and 
between the change in the appearances and the supponed 
ceonuancy of the physical object. We need sot at 
present mak why we believe tbat there is a single 
physical object with these charactersics, which appears 
fo us in al these differest ways. Jt is a fact that 
wwe do believe it, It is an equally ceruon fact that 
the panay does took dierent as we move about. 
The diflealy 1s to reconcile the diferent appearances 
‘with the supposed conuancy of the peany, and the 
ipsicty of most of the appearances with the supposed 
roundoeas of the pency. It i probable that at frst 
Aight the reader will uot sce much. dificolty in this 
He will be inclined to say that we can explain these 
rious visual appearances by the laws of perspective, 
‘and 20 on. This is not w relevant answer. Its quite 
‘true ther we can predic whol partler sppearanct a1 
‘abject will prescet to an observer, when we koow the 
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shape of the object and itt position with respect to 
the observer. But this is not the question that ix 
‘woubling es at present. Our question is ua to the 
compatibility of these changieg ellipcdeal appearances, 
however they may be correlated with ochar tacts in 
‘the world, with the supposed oastascy aod coundsest 
of the physica object. 

‘Nerw what I cali Seaside Appearance is jus « general 
same for such faces a3 1 have been demcibing. Tt ik 
imporant, bere az always, to stato the facts in a form 
fo which everyone will agree, ‘fore attempting 3 
particular esalyis of them, with which it ia cert 
that many people will vicleatly dimgrec. The finda 
mental fact is that we constantly toake such jodgmenta 

‘This wems te me elliptical, of red, oF ot,” au the 
‘rave may be, and tbat about the truth of these judgement 
‘we do not fel the least doubt. We may, bowerer, at 
he tanse tire doubt or positively disbelieve that thin 
‘is eDiptcal, or reé, oF hot. 1 say de perfectly certain 
wt ane aad the same time tbat I have the peculiar 
experience expressed by the judgment: "This look 
eligtical to ee,” and dat io fact the object ix not 
lliptical but is roved, 

T do sot suppose that anyone, on ‘fection, wil 
acrel with this suatement of fact.” The next quemdon 
a3 to the right way to analyse suck facts; and it in 
Bost important not to confuse the fects themsctvas 
with any particular theory as to how they ought to 
tbe analysed, We may start with a negative remack, 
hich seme toe 0b tom and cen of the 
‘utmox importance if it be toe. Appearance 
tuerelymiahen edge shows pnt object, Wire 
judge that a penny fooks elliptical lazy aot mistakenly 
ssccibing elliptical shape so. what is in fact round, 
‘Sensible appearances ey lead me to make a mistaken 
Judgment about physical otyects, buttbey ase! not, and, 
30 far as we kzow, iy do wot. My cerainny 
‘that the penny looks elliptival exists comfortably along: 
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side of aay conviction that itis round. But a mistalen 
judgment that the penzy o elliptical wosld not continue 
1 exist after T know that the pensy waa really round. 
‘Tue plaia fact is then that ‘locking elliptical to me” 
stands for x poculia: experienoc, wélea, whatever the 
right anaiysis of ic may be, is Bot just a mistaken 
judgment about the shape ofthe peony. 

‘Appearance then ceanot be described us misakna 
Judgment about the properties of some physical bjt. 
"How are we to degerbe it, and can we analyse it? Two 
iteceat types of theory seem co be possible, which I 
will call eapectively the Baligde Relation Theory, acd 
the Objat Theory of seasible appearance. The Multiple 
Relation Tooory takes the view that * appoariag 10 be 
40 and $0" Is» unique kiod of relation between an 
object, a mind, aod a charscerintc. (This is w rough 
statement, but it will sufion for the presect) On this 
type of thaoey to say that the pency looks elliptical ta 
ie i 10 aay Yhat w unique and not further abalysable 
relation of appearing" bolds between the pency, my 
rind, and the general charectectstic of ellipticity. The 
‘avential point for us to notice at present about theortes 
of thin ied is that they do nor imply that we are aware 
of anything that realy is eUligtcal when we bave thn 
‘experience which we expreas by saying that the peomy 
locks elliptical to us. Theories of this type have been 
suggesed lately by Professor Dawes Hicks and by 
Dr G.E, Moore. So far, they have not bots worked 
‘out in any great deiait, but they undoubtedy deere 
‘aruful attention. 

Theories of the Object type are quite diferent. 
Trey do not javolve = unique and unanalyzable 

lple relation of “appearing,” but 2 peculiar kind 
object—an “appearance.” Such object, it is held, 
‘tually ds Aane the characteristics which the physical 
‘object scant to Aewe, Thus the Object Theory analyaes 
the suaemeat thae the penny looks 10 mo eliptical Into 
4 statement which involves the achal existence of a2 
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clptical objec, which mands isa certin cognitive 
‘lation to me on the one hand, and in anctber relation, 
Jet to be determined, wo the round penny. This t3pe 
Of theory, though it hay been mach mized up with 
inveievant mater, ad has never been carly stated and 
‘Porked out Sl our own day, is of reopectable antiquity. 
‘The docirise of “ represestative ideas” is the tradi- 
ional and highly muddled fora of ite ies at the 
tosis of such works as Russell's Zeer Lecrres om the 
Esternal World. (3 this book I shall deliberately con- 
fine myself co this type of theory, and shall try to state 
Stelearly, and work cout in dele 
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‘The Theory af Senna, and the Critical 
‘Selentife Thescy 


T PRorose now t state more fully the theory that 

jpearnnees are a peculiar kizd of objects and 10 cos- 
fer what sort of objects they must be. | The reader 
ll bear i mind throughout tbe whole of the long 
‘ory which follows that there w « tutaly duflereot view 
of senuible appearance, viz., the Multiple Reason 
Theory, and that this may quite possibly be true. 
in this’ book 1 aball leave it wholly aside. On the 
theory that we are now goicg to discuss, whenever 
penny fooks to me ellipucal, wéat really happen 
is that Lam awace of an object which is, in fact 
ellprcal. “This obsect 18 connected in some specially 
Intumate way with the round physical peany, and for 
ths raagon 1s called an appearance of the penny. It 
rally 1s ellpucal, and for this reason the penny is sard 
10 look eiipreal,” We may generalise this theory of 
seasible appeacance as follows: Whenever [truly 
sudge that x ppeaca to me to have the seosible quality 
4, what bappens is that {am directly aware of a cerain 
object x, whict (a) eally does ave the quality g, and 
@) stands in sone peculiarly satumate selation, yet to 
bedetermoed, wz. (At the present stage, for all that 
wwe know, y might sometimes be identical with =, of 
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snght be literally 4 part of 2) Sock objects us 71 
‘ka going to call Sense. Thus, when I look at « peery 
from the side, what happens, on che present theory, 
i atlaat this: Thave a sensation, whose objet is un 
sAiipscal, browe sensum ; and chs semsuon is enlted 
tn some specially intimate way to a ceruin round 
physical object, wz, the penny. 

‘Now 1 think i must at lest be adesittd that the 
sensum theory is highly plausible. When { look ata 
‘penny (rom the side 1 am certainly aware of seme/bng 
nd it in cortainly plansible to hold that due something 
i lliptialin the tame plain sense in which a suitably 
bent proce of wits looked at from straight above, ix 
clipical. If, Ta fac, nothing elliptical is before my 
mind, 1 is very hard to understand why the peany 
should seein eliptical eather than of any other shape. 
| do not now regard this argumeat a9 absolutely con- 
clus, because {am inclined to think chat the Multiple 
Relation theory can explain these facts also, But itis 
AL least a. good enough azgumest to make the sensum 
theory well worth further consideration, 

‘Assuming that when I look at a peony from the side 1 
am dizectly tare of something which ie fact elliptical, 

1s clear that this something camsot be identiSed with 
the penny, ifthe later realy has the characheriatice that 

{is commonly supped to have. The pecny is sup 
poved ts be round, whilst the sansum isailipteal. Ageia, 
the penay is supposed «a keep the same shape and size 
an we move abost, whilst the senaa alter iz shape and 
‘San. Now one and the same thing cannot, xt the mame 
‘imp and in the mame seasr, be round and elliptical. Nor 
‘aan one and the same thing at onos change ite shape 
find keep st shape unaltered, if "shape be usd ia the 
samme sense in both statments. Thaw itis ceain that, 
if there be send, they cannot ia geoeral be HdentiGed 
with the physical objects of which tiey are the appear. 
srioes, if these Kterally have the propecties commonly 
fssigned to them. On the other hand, all that I ever 
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come to know about physical objects and their qualities 
seems to be lnsed apes the qualities of the sansa that 
T become swaze of im sense-perception. Uf the vitual 
‘eam were vot elliptical and did not vary in certxin 
‘ways ax 1 move about, I should not judge that 1 was 
eving « round penny. 

‘The distinction between secsum xzd physical object 
‘an perhaps be made sill clearer by exking some wilder 
mmamplas.. Consider, eg, the case of looking at « wick 
‘which ia half 1a water and half ix ale. We aay iat 
tooks bent. And we ceraualy do not wean by this that 
sm misuakenly judge it to be beat; we generally make 
10 such mistake. We are aware of an object which ix 
weey esueh like what we should be aware of if we were 
looking at w suck with a physical kink sn it, ieamerted 

holly mm we. The most obvious analysts of the facts 
that, when we judge that a straight stick Jas bent, 
Wwe are aware of an object which really as bent, and 
Which ss related im a pecubarly intiowte way to the 
physically straight suck, The relation caonot be that 
of identity : since the same thing cannot at once be bent 
fd straight, in the same sense of these words Uf there 
be working with a kink in it before our qunds at the 
moment, why should we thick then of kinks at all, ae 
‘we do when we say that the stick looks bent? Nodoubt 
‘we can quite well mistakenly deine a property to be 
‘preseat which is really absent, whes we axe dealing 
‘with something that is only ksown to us indirectly, Hike 
Julius Casar or the North Pole. But iz our exemple 
‘we are dealing with a concrete visible object, which is 
bodily present to our senses: and it is very hard to 
‘understand how we could sees: to ourselves to sw the 
[property of bentness exhibited in a concrete snstance, 
{fn fact mathing was present to our mieds that possessed 
that property. 

‘As Iwaat to make the grounds for the sensu: theory 
4 clear as possible, 1 will take oot more example. 
Scleatits often assert chat physical objects are not 
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really” sed c¢ Bot. We ave not at present concerned. 
with the cruth oF falchood of this strange opisioa, but 
‘only with it application to our preseat problem. ' Lot 
tus suppose thea, for the sake of argument, that iti 
true. When « scientist looks at penny stamp or 
burns his mouth with « potato he has exactly the same 
sort of experience as men of hasee clay, who know 
nothiag of the scientific theories of light and heat, 
‘The visual experience seems to be adequatly described 
by saying that exch of them 13 aware of 4 ced patch 
of approxmately square shape. If such patches be 
‘not in fact red, and f people be not in fact aware of 
such patches, where could the motion of red or of any 
‘other colour have come from? The scientific theory 
‘of colour would have sathiag to explain, uniess people 
rally ave aware of patches under various circumstances 
‘Which really do have differect colours. The scientisos 
‘would be in the pasitoo ut Mr Munro's duchess, who 
congratulated herself that unbelief had become impos 
sitle, a8 the Liberal Theolograns had left us nothing 
to disbelieve in. Thus we seem forced to the view 
that there are at least hot and coloured sensu and, if 
we accept the sctenuie view that physcal objects are 
neither hot nor coloured, x wal fellow that sensa cannot 
‘be identified with physical objects 

‘The reader may be inclined to say, “Atte 

















these 





onan ace not real ; they are mere appearances, 5o why 
trouble about them?” ‘The answer 1s that you do not 
get rd of anything by labelling it “appearance.” 






ise. If an appearance were nothing at ail, nothing 
‘would appear, and rf nothing appeared, there would be 
nothing for scientific theories to account for. To put 

‘another way: Words luke zea! and realy 
areambiguoss. A round peany aod an elliptical visual 
ssensum are nut real im preciscly che same sense. Rit 
‘both are teal la the most general sense that « complete 
inventory of the universe must mexhom the one as 
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svch as the other, No doubt the kind of reality which 
(ta be ascribed to appearances will vary with the 
particular type of theory ax to dhe nature of sensible 
appearance that we adopt. On the present theory an, 
appearance ig 2 sensu, and 2 sensu ip 4 particular 
‘euisient, thaugh it may be a shorelived one, On the 
Multiple Relation theory appearinces have x very 
Aifferent type of reality. But ail possble theories have 
to xdmit the reality, om seme sent, of eppearances ; and 
therefore st is no objection to any particular theory 
that 1 aseribes sort of reality to appearances. 
hope that 1 have now made fairly clear the grounds 
fon which tha sensum theory of sensible appearance 
hhas been put forward. Closely connected with it 1s 2 
theory about the perception of physical objects, and 
‘we may sum up the whole view onder discussion as 
follows: Under certain condinons 1 have sates of 
‘mind called sensations. These seasations have objects, 
‘whch are always concrete particular existents, ke 
coloured or bot patches, noises, smells, etc. Such 
objects are called sansa. Sense have properues, such 
as shape, sine, bardness, colour, loudness, coldness, 
and so on. The existecce of such sessa, and their 
presence to our miads in sensation, lead us tm judge 
that a physical object exists and is present ta our 
senses. To this physical cbyeet we ascnbe vanous 
properties. These properties are not in general ential 
with thoge of the seagum which 1» before our minds 
AL the moment. For instance, the <fipical sensu 
makes un believe in the existence of a rowed physical 
penny. Nevertheless, all the properties that ws do 
‘tscrbe to physical objects are based upon and correlate 
‘with the properties that actunlly characiense our sesm. 
‘The seosa that are connected with a physcal abject 
1m a certain specially inumate way are called the 
‘appearances of thar object to those observers who sense 
these senso. The propertes which x is said to appaer 
Je hava are the properties which those sansa chat are 
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4 appearances sally do bave. Of courme, the two 
‘properties may happen to be the same, 4-, whes I look 
straight down oa a penny, both the physical object and 
the visual appearance are round. Generally, bowever, 

there is only a correlation betwaes the two. 
efollows from this theory that seam cannot appear 
to bave properties which they do not really bave, tbough 
there is no reason why they shoukd sot have more 
: This point 











this connexion. We mut datiogul 
if t0 notice what ip present in an object 
and " noticing” what is not present in an object. The 
former presents wo special dificalty. There say well 
be in any abject euch which is too minute and obscure 
for ss to recngnise dlatietly. Agaio, i in obvious 
that we may stnde an object without necesoarily being 
aware of all ix relations even to another object that 
‘we sense at the same time. Sil more certain is it 
that we may seam az object without being aware of 
afl en relations to some other Object whic we are Dot 
sensing atthe Ge. Consequently, there in 00 dificulty 
‘whatever in aupposing that seman reay be much more 
iffeentiated than we thiok them to be, and that 10 
may roally difer in quality whea we think tbat 
hey are exactly alika Argumects such as Stony 
reader it practically certain that the later ponsbility 
inn face aloe. 
The real dificuley is when we seem to be directly 
aware of some property is an object, and this property 
1s not really preseot and ia perhags incompatible with 
cabers which aze peesent. This isthe kind of dificaly 
that the sensum theocy ix pat forward to meet. We 
seem to recognise elliptical thape in tbe penay, wheo 
the penay really bas the Incompstible quality of round. 
‘The solution which the seagum theory ofr ia to 
change the subject.” Somathing it dma, in eliptical, 
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and somethiay is sowed; bot they are not the same 
something. What is round is the penay, what is ellip- 
deal is the seasurs. Now, clearly, this would be ao 
solution, if the same sort of difficulty were to break: 
‘out in sense themselves. In that case we should need 
ta postulate appearances of appearances, and $0 00. 
indefiily. 

‘We must hold, as regarda pasitive sensible qualities 
which characterise x sensum asa whole and do not 
involve relations to other secsa, chat a sensum is at 
lease all that ie appears to be. Now, 30 far ax I know, 
there is noevidence to the contrary. Some people have 
‘Thought that argumects lke Stumpl's raised this di 
‘culty but that is simply a mistake. Stumpf argu- 
ment deals merely with the relation of qualita 
Wkeness and difference becween dilfeent sensa, und 
Shows that we may think that swo of them are exactly 
‘alixe when there is really a slight qualitative or quacti- 
lative difference between them This bax no tendency to 
‘prove that we ever Sind a positive non-relational quality 
in a sensum, which is not really there, 

Next, we must remecsber that attributes which in 
vwolve a negative factor often have positive names, A. 
man might quite well think, on inspecting one of his 
senaa, that it was exactly round and ocifocmly red, 
‘Aad he might well be mistaken. But then, “exactly 
round" means no variation of curvature," and 
‘unifoemly red means ‘with no variation of shade 
Grom one part a another.” Now universal negative 
Judgmanca lke thage can never be guaranteed by mere 
inspection ; and 20, io auch cares, dhe man is not “x80- 
ing properties that are nat therein the sense in which 
hhe would be doing so if » round sensum appeared to 
hhim to be elliptical. To sum up, it is 20 objection to 
‘he sensum theory that a sensum may soem to be Jaz 
differentiated thea it in: it would be » fetal objection 
fa sensum ever seemed move differentiated than it i; 
‘but we bave no evidence that the latter evar happens, 
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Hefare going further we must remove  basaless 
prejudice which ix sometimes felt agsinst the seosum 
theory. It ig oftea objected that we axe ot aware of 
sense and their properties, as a rule, unless we specially 
Took for them. fe is a fact that it often needs = good 
deal of persuasion to make 2 maz boliews that, when 
the looks at m penay from the side, it soess ellipncal 
tohim. And T am afaid that very often, when he 
‘persuaded, it ig wot by Bis own direct inspection (which 
ia the anly relevant evidesce 10 suck « auatter), but by 
ome ahgurd and ierelevast arguineot chat the area of 
‘aia retina affersed by the fight from the peany, is an 
oblique projection of a cirele, and is therefore an clipe. 
‘Acconkngly, it is argued that we bare no sight ta 
bbeleve that such a aan is direcdy seaming an object 
which is, in fact, eliplical. To this a partial 
newer has already been given, by implication. It Is 
only when we are looking at a penny almost nocoully 
that any doubt is fele of the ellspucty of the sensu 5 
land, in that case, the sensu is, in fact, very nearly 
round. Naw we have seen that it is 20 objection to 
four theory that a senaure which in not quite round 
should be thought to be exactly round, though it would 
bean objection if an exactly round seasum seemed to 
bbe elliptical. The reason, of course, 1s that an ellipse, 
ity variable curvature, isa more differentuted figure 
1 circle, with its uniform curvature. There if no 
ificulty on the fact that we overlook minute diferentia~ 
‘ons that are really preseet in oar soos; dificulties 
‘would only arise if we seamed to native distinctions that 
are not really present. 

Apart, however, from this special enswar, a more 
enaral repty can be mate tothe type af objection under 
discumion. ‘The whole argument rest on a misunder- 
standing of the view about perception which the sensu 
theory Bolda. If the theory were that, in perceiving & 
penoy, a man Scst becomes aware of a masum, then 
notions that i is eUiptica, and then infers frum this 
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fact acd the laws of perspective that be i looking at 
1 round physical object, tbe argument mould be fatal 
to the theory. But his is quitz obviously not what 
bappens. Perceptual judgments are indeed Aesed xpon 
‘seasa and their properties to this extent, that if we were 
fot aware of w sensum we should or now judge that 
‘any physiad object is present to our senses, aod that 
4 tha eonaum bad diffrent properties we shauld ascribe 
ilfccom properties to the physical ovject.. But the 
relation betwoen the sensum and its properties, on the 
‘one hand, and the perceptual jedgment about the physical 
object, on the otber, is cot that of m/erence. The beat 
Analogy that we cam offer to the relation between our 
seasing of a sensum and our perceiving = physical 
object, ia to be found ia the case of reading « book in 
4 familia: language. What interests un as x rule is the 
meaning of the printed words, and not the poculiartics 
Of the print We do not explicily notice the inter, 
unless there be somethiog markedly wrong wih it, 
such a5 a letter upside dows. Nevertheless, f there 
were no print we should cogalse co meaning, and if the 
DIint were different sn cerain specific ways we should 
cognise a differem meaning. We san attend to the 
print ltaelf if we choose, asin proof-reading. in exactly 
the same way, we are Rot as a cule interested ia wens, 
tus sock, but only in what we think they can tell us 
bout physical otyeets, which alone cao help or bunt 
us Senm themselees ““est no ice” We therefore 
pass automatically Grom the sensum and its properties 
to judgments about the physreal object and ts properties 
fw should happen that the seasum is queer, as when 
‘we ver double, we notice the sensum, a8 we sotioe an 
werted (eter. And, eves 1a norcal cases, we generally 
can deuxct the properties of sens, and contrast them 
‘with those which they are leading’ us to ascribe to the 
hyscal object, provided that we make a special effort 
of eaantion. 

From what hus just been suid, it will not appear 




















28 ‘SCIENTIFIC THOUGHT 


ssvange that, even though there be senm, they shook! 
have been overlooked By most plaic wen and by many 
philosophers. Of course everyone is constantly 
Them, and, i= specially ahnormal cases, has Aoced the 
diference between them und physical objecta. Bat 
sansa Inve never been objec Of special intrest, and 
therefor ave never beer given © name ia comman 
speech. A result of thie fs tat all words like soning,” 
heating,” oon, are ambiguous. They rand sometimes 
for acta of sensing, whaae object are of course saa, 
and sometimes for ace of perceiving, whose objects are 
‘ripponed to be bits of mater and their sensibie qualities, 
‘This is especally clear about hearing. We tlk of 
‘hearing & noe" acd of *beariog x bell.” In the 
frit cage we mean that we are sessing’ an auditory 
aensum, with ceeain acributes of pitch, Youdnesay 
quality, et, tn the second came we meen that in 
Sonsequence of sensing wuch a vensaim, ve judge that 
4 certain. physical object exists and 13 present to our 
senses. Here the word hearing” stands for an act 
of perceiving, Exactly the same remarks apply to 
sight. In one seoge we see a penny; in a somevhat 
striate sense we see only one side of the panny; in 
nother sense we soe only a brows ellipheal sensu, 
‘The fine two uses elce 9 acts of peroeiang, the last 
aan act of seas best on the whole to confine 
‘words like “seeing and “heating” to ots of per 
fiviag. Thi is, of course, thee ordinary we. { shall 
therefore talk of seing = penny, but oot of seeing x 
trown elipscal sensu. [stall speak of the ater 
Bnd of cognition as “visually sensing,” or merely aa 
“sensing,” when 00 miswoderstanding is 10 be feared 
by dropping the adjerive. Tals disinction will be 
found imsportast whea we come to deal with illusory 
perceptions. 

ave now tried to clear up cenain ambiguities in 
the senmum theory, sd to remove ceresin mister 
objections which maay Gok fel ageine ic If fhe 
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admitned that there may be such things as senaa, and 
tht the seasum theory at least provides 2 posible and 
even plausible way of analysing sensible appearance, 
‘wa oan pass to the quesuon of the nature of tensa and 
their satu im the unverse. This splite int ro 
fquemions, vin, (1) the relation of sense to minds; and 
i) thew relation to physical objects. Neither of these 
an be completely answered st the present stage, but 
‘we can say a good deal bere thats elevact, and will be 
‘seful, about them. 











()) dre Seusa in any way Mental ?—Sensa have been 
suppored by many philosophers to be in some way 
mental, This opision is based partly on sheer verbal 
confusions, and partly on gemuine faci, The verbal 
confusion ts that the word **seasation” kas often been 
‘used ambiguously, and that, in one of its meanings, it 
does undoutwadty stand for something that 13 mental. 
‘When a map talks of a **yensauice of ret,” he 1s some: 
limes referring 10 # red patch which be senses, vome- 
times to hua act of senning the patch, and sometimes to 
the whole complex state of alan whch, on the sengum 
theory, 19 analysable into (act of sensing)—directed on, 
to—(ved patch). In the second meaning, “sensation” 
is obviously mental; in the third 1 2¢ undoubtedly 
‘complex whole which involves 2 menu factor. In the 
first meaning itis by no means obvivus oF even plausible 

sensation 1s mental, I shall always we 
im the thd meaning. Now, as the mme 











patch is itsalf mental. For is it aot a 
And ig not a seamton » ental stale? This is of 
‘course, mere verbal confusion, and need oat trouble 
‘us further. But philosophers who have not falten into 
(his confusion berwees sensu, sensation, and act of 
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sensing, have yet held that semaa are mental. The most 
important living halder of this view is Professor Stost 
(av any rate be beld it at the time whes be wrote the 
Inst edition ot his Manmal of Pryhsiegy). 

[Beloce we can profitably carry the discussion of thie 
pofut further, we mus clear op the various meanings 
‘which can be attached to the statemect “x 1 mental" 
(0) The fiw distinction that we saust draw ix between 
being “a sate of mind” and Seing *mind-dependent” 
1 is commonly eld (and { do not here propase to 
‘question it) that whatever 1s a state of mind is mind 
dependent, rv, that it could. not exist except 43 a cox 

ityent of « tind, and, in tact, that « could only exist 
a 1 constituent of that pertinlar mind, whose stxie st 
fn said be. As example would be soy belief that 
2444 0c my desire for my tex. But it seems perfectly 
posible that » tera might be mind-dependent without 
beng a ste of anyone's rund. What would uns 
mean? 1 think i would mean thar such a term can 
only exist as a consrituent of a slate of mand, but tbat 
it w not itself x constvent of a mund. Tae some 
admitted state of mind, such as my perception of my 
table, ‘There is clearly an imporast sense which we 
‘an all recognise, even though none of us can define it, 
fin which it is true to say that this perception is a 
consituent of my mind, wins the table is aot 1 
sbould say that there was also aa important (though 











table 12 a constuent of my percepuos of it, 90 ong aa 
that peception lasts. Te ur thus quite common for a 
teem to be a constituent of one of my statex of mizd 
‘without being a constirueat {and therefore without being, 


state) of my miod. Now, if churs are anything like 
‘what they are commonly supposed to be, they do aot 
only exist a5 constituents of states of mind, since it is 
commonly belleved that auch things go on existing, 
‘with Hite oF a0 change of quality whea we cease tt 
perovive thea. But, just as states of mind can only 
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nist as constituents of minds, 90 unere angle be terms 
‘which can ond exist as constiveents of ates of mind, 
Such terms would be minddependent without being 
suates of mind. If Berkeley's fasious saying that “the 
ccsenot of a scasible obyect isto be perceived ” be taken 
quite Hierally, st isplies that such objects are mind 
Gependent, whilst it does not Asply (though it is, of 
course, conristent erich) the view that they are states 
of mind. 

{@) Even when this distinetion has been drawn, there 
8 & possibility of confunan. We rust ditinguish 
more and x fess radical sense of *mind-dependence.” 
‘The sense just discussed is the more rxtieal and may 
be termed “existential misd-dependence."” A tem that 
1s exustentialy mind-dependent, though not 2 state of 
mind, can only eust ag a consutuent of 4 certarn state 
Of mind. But a terra which was not existentially mind: 
Sependent, mught be 19 2 certun extent “quahtatvely 
mind-dependent.” By this { mean that, although it 
an exist and have qualities when i 5 mot a constituent 
‘Of any atace of tied, *t might acquire some new qualities 
fr alter some of i old qualmues ox becoming 4 con- 
sticwont ofa state of mind. (c8 certain chat everyitong 
that at some period in its history becomes # constituent 
of any sae of mind thereby acquires af Jest one ne 
quality, vit, that it 19 now cogesed, oF dented, or 
Shunned, of 30 00, by that tind. And { do not see 
tny reason is princrple why these changes of relation 
should not produce changes in the nos relational 
qualities of the object. {f wax melts when brought 
into the relation of proximity toa fire, 1 know no rmason 
why some qualities of an object should nct be added 
cor modified when ic comes imp the relation of emg 
‘eased by 2 mind. 

{G) Some paychologiss, of whom Stout is one, draw 
‘fundamental distinction besrees tno sorts of states of 
mind. They divide them isto acts and non-acts. Anda 
sate of mind which is not an art dhey call » presentation, 


























for reasons which 1 will now explain. A Uile while 
‘ago I took my perception of my table as an usdoubted 
‘example of a state of mind, And [ ssid that chore was 
no doubt that the mble is » constinueat of it. That is, 
[took the whole compiex situation {axy perociving)—af 
—fiable) ag a stam of miod. What Stout calla an 





Objective conatiuent in a sate of mind whove cher 
‘conaituene ia objec. An act is somethiog which 
(aanotaxist by itself, but can only exist asa conatitvent 
{na complen, whose otber conattyeat (9 its objec, 
‘And itis, of eure, the characteriscally mental tor 
{a such a comples, since the other constituent way 
(hough it need not) be noc-sental. My season for 
calling the whale complex fact, und not the act ise, 
{sate of mind, ia the Eliowing : Practically every 








‘Pereeption of the table” describes something cee). 
But people difer greatly as wo the right xnalysis of 
tia fact, and the notion of “act” is connected with 
ous spacial mode of analysis which would not ba 
accepted by everyone, It therefore seems better to give 
the name “state of mind” to the fast which averyone 
admits to exist, and cot to a supposed constituent, 
which some people deay to be pragent ia it. 

It is quite easy to restate the distinction which Stout 
‘bas In ruind in terms of my phraseology. Some mental 
statag can be aualysed into an act Girected on an object. 
‘These are non-presentational states of mind. Otbers 
‘cannot be analysed lato act and object. These are pre- 
sentations, A noo-presentational state may contain 4 
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resentation as object. For instance, 2 eeliog of woth- 
‘ite would be 2 presentation on Stout's view. Far, 
accurding to lim, it1« mental and is set analysable into 
an act of sensing and a“ coothachy™ object; it is jure 
2 “twothachy” state of aiad. Now, f Lwere to intro- 
‘apeet my taothache, in onder to deseribe it to my 
amis, tay introspection would be « nco-preseatasionnl 
mental state whose abjtet ix = presentation ; foc it ia a 
comple containing an act of intrompecting directed on 
‘to a toathachy feelin Se 

be an example of = non-presentatloual mental rate, 
whose object is not x presentation, because not mexial, 















Sy ccyatt (4 he toy meee led aa 
into act and object? (a) Are they presentatione? (4) Are 
‘they existentally mind-dependent, thoug®s not sates of 
saind? (5) Are they to some extent qualitatively mind- 
dependent, though not existentially mied-tependent? 
‘No one has ever suggested that sensa are acts oF 
(ht they are sistes of sing acalysable into act and 





abject. A red patch sensed by me when I look at a 
prllar-box wan example of a seamum. It 

‘wo hold that the whole fact knows ax“! my 
the ved patch 18 2 state uf mind, analysable into act of 








plausibility in holding that the red patch itself was an 
ack, or that i€ was stself diviarble into act and object 
‘Thus, sense be sates of mand at all, they must be 
preoontations. Naw, there are two very diferent views 
included under the satemer that sensa are presesta- 
tives The first would deny che analysis of ‘may 
sengetion af red patch” inta act of sensing and red 
gensum. It would crest the whole thing a8 an us- 
analysable state of mad, and therefore as a presentation. 
‘This wiew would hold thar here fs no seal distisesion 

ween sem aad sensations. It would say that 
“aeasation of fed patch™ “ad patch wensed,"” and 
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ls a presentation.® ‘The second wiew would admit that 
In my sentaton of red we can Giioguish my sct of 
sensing and che rod patch seased; but it would hold 
that (he red patch is itsef a ste of mind, and, beng, 
indivisible into act and objec, is « presentation. 1 do 
‘ot thine that moat philosophers ‘ave very clearly 
dimunguished theae two varieties of the presentational 
theory of sensa. Moreoves, those phileophers wino 
Ihave accepted the analysis of sensations into acts of 
seasing and seas, and have aavecied that sonsn are 
imental, have seldors clearly distinguished the ultras: 
tives that genaa are preseatabons and. chat 
independent smthout being states of 
fastly, the disuncton betwean exstertial and qu 
mind-dependence bas not always been clearly scen. So 
that there is w very prety mess for us 10 wipe up as 
well as we can. 

() Are Sensations onabjable vate Act of Sensi and 
Sensaet? The most plausible argument against Urs 
analysis would seem to be the following: If we 
consider the various experiences called “sensations, 
wwe seem to be able to arreage them in an order, 
Saruing wk those of sight, passing through hove of 
taste and smell, nod ending woth boxy sensations, ike 
treadache, Now, aa regards the tap members of the 
series, the analysis into act of sensing end object sensed 
seems preity clear, A sensation of red seers clearty 10 
‘ean u sate of mind with » red object, and not to mean 
‘red state of mind. 

If we now past to the other end af the series the 
copponite seems (a be true. It is by 20 means obvious 
fut» sensation of headache izvolves an act of senting 
and ‘*headachy” objeet on the contrary, it seems 
tn the whole more plausible w describe the whole 
capericnce as a headachy” state of mind. In fax 
‘Be dusinetom of act and objec seems bere 19 have 


Com ment be Sect othe Menno Pic, tat Ty 
beng 
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vanished ; acd, as there is clearly something mental in 
feeling a headache, just as there is in sensing a red 
patch, it seems plausible to hold that = sensaton of 
‘beadache is an vnanalysable mental fact, within which 
ino distinction of act and object can be found. 

Now tis contrast between the top and the botioa 
members of the series would nol greaily matter, wert 
ita for the tact char the teo kinds of sensation’ seeca 
to melt insonsibty into each other at the middle of the 
serim. It is about equally plausible to analyse a 
sensation of a sweat taste into an act of sensing and» 
‘sweet sensum, of to trext was an unanalysable mpentad 
acl, baving so object, but posseaung the property of 
‘sweetness. Commoc apeech recognises these distine= 
tions. We tlk of « sensation of red, but never of a 
feeling of red or of « red feeling. On the other band, 
‘we tlle indifferently of a sensanos of headache, a feeling 
(of headache, a beadachy sensation, and a headachy 
feeling. ‘The English talk of a seatation of smell, 
mbereas the Scots more usually speak of ‘feeling” 

smell, Now seasations of sme are just om the border. 
ine between the two kinds of sensation. The rule is 
that, when @ sensuous experience seems clearly to 
involve act und object, itis called a sensation and sever 
a feeling; when # iedoubefil whether acy such analysis 
‘ean be applied, it is called indiferently a freling or a 
sention. 

‘Now the fact that all these experiencas are clatved 
‘together as sensations, and that the two kinds melt oto 
‘each other at the middle of the series, naturally tempts 
men to treat them all alike. If we do this, we must 
hhold ether fa) thar w 1s 2 misuke to think that a 
sensation of red can be analysed into an act of sensing 
‘and a red sensum ; or (8) that it isa mistake 10 think 
that a sensation of hesdache cone’ be analysed into ac 
‘act of sensing and « beadachy sensu. The former 
‘Akerative makes sensation and sennum Gil together 
into 0 amgle peculiar state. even in the case of sight 
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and, since the expericace as a whole coreanly in mental, 
wwe have to aay that a seusation of reduced sensuas= 
2 feeling or prematation which is red. The second 
akemative is Gut which is uken by Realise, lke 
Professors Lain and Alexander. 

‘Now it is evident that, if you insist on trating all 
experiences which are called "sensations" in che mame 
way, itis aotecedenty as reasonable o take the Laird 
Atcrander alarnative as the Preseatasioniat alternative, 
‘You might argue: ‘"It is obvious that a seosation of 
red involvea an act of secsing and a red seosum, £0 & 
ennation of beadache must involve an act of sentiog 
and a hemdschy sensum." Thus the mere fact that 
sensations can be arranged in 4 seria, nach aa T have 
described, docs act specady favour the presentationin, 
view ; since exactly the same type of argument, atarting, 
from the other ead of the series, would lead to exactly 
theappante conclusion. There are just two remarks that 
seem to exe worth making at this poo. 

() I donot find ether the realist or the preseutationist 
vinw vary satisfactory a6 a complete account of all the 
experiences which are called “sensations” But, iff 
were foroed to take onc alternative or the atber, 1 should 
prefer the former. [¢ veers to me ouch mare certain 
that, i2 x sensation of red, U can dustioguish the red 
patch uod the act of sonalng vt thas that, ia & seauation 
of heaache, I connor distioguish a haadachy olyect and 
aan act of sensing it. (8) Ctbrak, however, at hase 
‘to need to insist oc the reat analysis of bodily feeling 
fn ocler to deat with the question whotber sensations 
‘be analyaable into act of seameg and seasum. {t seems 
to me dhe the simplest and lnast doubelul way of treating 
the whole question eaised by the series of sensations 1 
the following: “The word **sensation,” as commonly 
used, is defined, not by direct inspection, but by cause- 
(ion. We aay that we are haviog 2 senanion, if our 
state of mond isthe immediate response to tbe simula- 
won of w nerve. Now, sisos seuaations are not defiged 
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paychologically throug their fotrisic properties, but 
Physiologially throogh theic bodily antecedents, it i 
turely very Ukely that they may inciude two very 
‘Gierent kinds of experiance, one af which can and the 
‘ther cannot be amlysed into act of sensing and seam. 
‘These might be called ceapectively “true sensations” 
and “bodily feelings” | The meze fact that both are 
‘often called * sensations” ia aucely a very poor reason 
{for insiating that the stractare of both must be the same. 

‘rua indeed that there are margisal cases of which 
very dificalt o say into which class chey fall. But 
thie mught not to make us slur over the plain intro- 
spective diference between. the top asd the botiom 
aiembers of the series. The top ones at least do seem 
quite clearly to involve acts of secsing and seuss on 
‘Which these acts are direct. 1¢ does soem clear that, 
‘when I have « sensation of a red triasgular patch, some 
things are tue of ube patch itself (eg, that it is red and 
triangular) wich i very dificult o belive to be true 
of my sensation of che rod patch. If, it seers neces 
tury to bold that the seasation and the sehuum are not 
ideutical; that the secsum ia an objective coasituent 
‘of the mensation ; and thet there is another conmituent 
‘which 1m ot objective aad may be called ‘the act of 
sensing." isto the question whetber this later factor 
Jn capable of farthes analysis, and, if 0, what the right 
analysis of Xt may be, it is Sorcunately aot otcesnery to 
{go for our present purposes, 

T eoaclade, thes, that some seasations at least are 
analpaable into act of seesing and seasum, and there- 
fore that we camsot argue tat sensum = semastioa = 
presentation. 

a) Are Scan, thongs duties from Sersstons, them 
xtoes, Presadations? ‘Though sensations a1¢ 90% pre- 
sentations but comain objects, which are sensa it ix 
perfectly poasible char these objec: might themselves 
tbe presentations. Ta prove that seasa are presentations, 
it would be mecemaxy to prove thar they are stirs of 
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mind. Aud this involves proving (a) that they are 
ckintentlally mind-dependent, and (9) that they are 
conetleuents of eninds and rot merely of crvain states 
of mind. Obviously x might be possible w» prove the 
first, even iF were not posable to prove the second, of 
‘hese prupasitions. 1 do not know of any reasonably 
plausible argument to prove that sensa are not merely 
Imlnd-depoadent, but are alsa staita of und, ono you 
accept the view that seesa must be distinguished from 
tensauons Indeed, the asseruon would be open (0 
the same Kind of obyeetian which we made 10 the view 
that seese and sensations can be sdentiSed, On either 
view something is saxd to be « state of sind, though it 
Potuenses properties whieh st is very difficult to ascribe 
to states of mind, Ifa seasum be a state of mand, then 
there are states of iad which are literally red or round 
OF hot oF loud of triangular, and so on. | have 20 
WBculty in believing that many states of mind contere 
such (erm as objects, but 1 do find it very difficult 10 
bbeliern that any state of mind actually «x term of this 
wort, Yet the laner ss izplied by the statement that 
‘santa are presentations, just as much as by the state 
ment that sensationg are presentations, In fact, the 
reasons which forced us to distisguish sensations from 
‘tenea, and to regard the latter as objects contained 1n 
‘the former, equally fortad wx to treat senim themselves, 
as states of mind. This objection may, of course, be & 
rare prejudice; but it us worth while £0 pomt out that 
tha view chat sensa are presentations dues logically 
imply the very paradoxseal propositions (hat some states 
fof mune are Ttarally hot or red cr round, for most 
plulosophers whe have held che view ander discussion 
have successfully concealed thus consequence from them 
selves and their readers. | shall therefure reject the 
view that sensa are states of mind, unbi someone pro- 
duces much peter reasons than anyone has yet dont 
for believing auch an extremely paradoxical propostioa. 
There are, however, quite plausible arguments 10 
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prove that seasa areexiatentually mad-dependent, hough 
‘sot states of mind, That te say, thal, although senah- 
‘ong sre analysable rato act and ser'sum, and the sensum 
‘must therefore be distinguished both from the sensation 
and from the act of sensing, which vm the other factor in 
the sensation, yet these rwo lactom are oot expable of 
‘erasing separately from each uther. No act of seosing 
mthout some sensum on which st is directed, and 90 
sensum without an act of sensing directed upon it. The 
arguments for this wiew ace three: («) The privacy and 
‘vatiability of sezsn ; (2) the analogy between sonsa and 
bodily feelings ; and (2) the analogy between seman and 
so-called ""manca! images.” 

(0) We nouce at once that seasa have some of che 
characterises of physical objects and some of those of 
‘mena states. On the ove band, they are extended, and 
‘bave shapes, snes, colours, temperatures, ete. On th 
‘other hand, they do seem to be private to each observer; 
and thts, 1 will be reciembered, is one of the chief marks 
fof the mental as distinct from the physical, It iy at 
Teast doubefal whether two people, who say thar they are 
Perceiving the same object, ae ever sensing the same 
‘enaum of even two precsely similar senta. This does 
‘Suggest that senen aro mental—at any rate in the sense 
cof being mind-dependent. 

If howeres, we look more closely, we ser that this 
conciusion does not necessarily follow. The facts are 
(on the whole much better explained by supposing that 
the sega which » man senses are partly dependent on 
the postion, internal states, and stracture of hus body. 
Since no two men's bodies can be in precisely the same 
place a precisely the same time, st is not surprising that 
the sen of the two men should differ, And, ance the 
{mternat siates and the miaute structure of np (wo living 
bodies are exacty alike, itis still Sex surprising. Now 
‘this explanation not only accounts ar well far moat of 
the Garis us the view that sensa are mind-dependeat 
‘Accounts a great deal better for sume ofthe most striking 
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‘of the facts, Tbe onderty waristion in the shapes of 
visual senss, as we move about, is intelligible if we 
‘suppose dhar the sensu which we sanse are pacily 
ditioned by the positions of our bodies ‘The axsumnption 
that they depend on our minds gives no explanation 
thaterer of such facts. 

There 1s, however, « better form of this argument, 
‘wiuch bas, I think, been somewhat uaglected by people 
Who want to bold that seaaa are aever aind-dependent 
to any degree. It does stem 20 me undeniable that 2 
‘nrtain cases, and to a certain extent, our past experi: 
fences and our presect expertations ‘allt’ the actual 
opens of the senes that we sense, and do not meroly 
Beet the judgments about physical obyects which we 
base upon sense. We sball go into this poet 1s some 
devil in a tater chapter at presenc { will jest llustmue 
‘my meaning by two examples. 

‘When I look at the “staircase figure,” which ix 

iven im most psychology text-books as an instance of 
bigguous figures, st acems to me that ¢ actually looks 
sensibly different from time 10 ume. Its sensible 
_xppearance changes "with a click,” as look at it, from 
that of a siarease to Uhat of aa overhanging comice, 
‘This change tends to tke place as {concentrate my mind 
‘on the wles of the one oF os that of the other. Now, 
tun the present analysis of sensible appaamnce, such 

change a9 this involves an actual qualitative change 
in vbe sensum. So far is it from being « mere change 

the yudgroents which I happen to base on one aod 
the same seosum, thet che direction of my thoughts 
‘changes first and is the condition of the change in the 
‘sensible appearance. 

‘Again, when Ttarn oy bead, the visual sensa are not 
as a rule affected with any seasible movement. If, 
however, [ put my glasses a litle out of focus or 1ook 
through 1 window sade of irregularly thick giacs, 
‘and then tura my heed, the seom do sensibly move. 
‘Whether they move or keep sull seems to depend on 
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my past axperiences and my present expectations about 
physical objects, The whole peychology of vision is 
fall of such cases, some of thom of x highly complex 
lend, 

Now, of cours, these examples do not suggest for a 
moment that senaa are existentially mind-dependent, 
bbut they do strongly suggest that they are to some 
extent qualitatively mind-dependeot. And it canpot be 
aid bere, as ia the previous examples, that celerence 
1 the mind gives na kelp i explaining the acts, Here 
the boot is rather on the ether foot. No doubt the facts 
Just mentioned could oe thary be accounted foe by 
referring to the past history of the dvdy, in addiion 
to ts peeseat state and pontion. /4, we could talk 
learnediy about the tmccs left on our brains and nervous 
aynecss by tbe past experiences, and could say that 
they are aziong the conditions of ou senss. But this 
‘would 20t belp us to explain say concrete characteriatle 
of our sensa in any particular case, For the pial fact 
's, that we do oben Inow what relevant experlences we 
or others have had, whilst we know nothing whatever 
fn detail aboat traces in the braic acd nervous system. 
‘So here a ceference to sends! conditions really docs 
‘explain concrete fats, whilst a reference to dadily con 
itions does not. We sball have to return to this point 
at a uch later stage. 

(@) We have alctady natioed the arrangement of 
“onsations™ in a seale {com seasations of colour and 
sound to bodily fentiogs. We saw chat this might be 
‘ured a an argument to prove that even menmiions of 
colour and sound are presentations, or equally an an 

frgumect 10 prove tit even sensations of beadache 
ible into wct and object. Suppose we take tha 

latter altemative, which, ag I have said, soems to me 
tobe the more plausible af the two, chongh 1 do nat 
Uhink that the facts compel us to mdopt either. Th is 
then passible to produce « fairly plausible argument Jar 
the view that wags are existeatally mind depandant 
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“The argument would rua as follows: “Granted chat 
2 senzation of mdache can be analysed into act of 
‘easing and headacby seasum, itis surely obvious that 
the later, foes fis very narure, could ot exist without 
thelormer. “Aa wofsithasdache a surely a mere Unding. 
Now, if thia be true of headachy sense, dors not the 
very continuity ofthe series of sensations on which You 
Ihave been iatisting make it Likely to be true of ced 
senaa, aod indeed of all sense? Uf 20, seasa will be 
from their very nature exiteataly rind dependent 
and sneapable of exiting aave as objective convents 
of sensanons. 

7 think that chia is quite & plasaible argument, but 
Ido not dusk it eoaclusve. Two questions could be 
Asked abost i (a) Supposing wt be trve thet an 
runlele headache ia inconcervabie, does the continuity of 
the senes of expenences called "sensations," uaiy us 
fn eateadang this coachsion to all seasd, 40d, in pac- 
tucular, 1 those of ughc aod hearing? Secondly (fi, 
sms really true that an vole headache ia inconceivable? 
(6) To the fest question { astwer that, as a maser of 
fact, 1 do not find the slightest intrinsic dificalty in 
concerning the existence of nsensed red patches of 
“unsensed noises, whilt | do Snd a conssderable dificulty 
in concving the existence of wafelt headaches. 1 do 
nat chink that i is mafe co rej tix plana dference on 
the growida of a mere argument from roctisuity. 

18) Moreover, 1 thisk I can wee why it stems 20 
iticalt 10 couceie ofthe exstencn of uni headaches, 
land can nee that this dificalty 42 not rally covclusive, 
Our sain interest in bodily leclings io that they are 
Pleasant oF painful; secantions of mgt ar, as a rule 
fatnosically neutral, or acatiy so. Now 1 an quite 
prepared to believe that an object has to be cogaised 
by seis ocder to be pleasact or painful to us, For it 
seems to me that the pleasaninens or paisfuineas of 

uF 18 (or, at any rate, depends upon) sy rec0g- 
ising it and aking up a certin attitude of liking oF 
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Aisiking to R. In might, therelne, be perfecily true 
that qn unfelt headache would nol be @ farm Just aa an 
sunreacred woman is aot a wee. Sisce we are mainly 
Interested 1a headaches at paizs, we are inclined ‘0 
thiol that an unfelt headache would be netleng, when 
she truth merely os that it would aot be spam This 
would be comparable to the mistake which w Goateal 
Adsncer of matrimony would ake af he sgnored the 
existence of all apiascers beeause they were aot wives 
1, therefore, ax not convinced that, Song of hend> 
ache bea genuine sensanon and aot a mere preectation, 
the beadachy zesaum which st cusiaiae could not exit 
tunsensed. Sail less could I extod this view to aight 
and sound sensa. 

(0. The third argument for thniong that semua are 
incapable of existing unsensed is founded on their 
resemblance to "mental images” whose very” name 
‘emplis that they are commonly suppomed to be exten 
tinly mund-deperent, not acuaily mates of mind. 
‘The resemblances must beadmonted, though 1 favourable 
cases thece seems to be some intrinsic diference which 
AC 18 eaay 10 recognise but hard to describe, But it 
seems to me double whether images are existentully 
Imund-dependent. 1 do not see azy very obvious reason 
why Uuere should not be “awed” rages. It 
cf course, perfectly true that raages are 10 a much 
greater extent quiltauvely miod-dependent thas are 
versa, Mast, if not wl of them depend on ous past 
teperences; and many of them depend ia part op ost 
prevent voltons. Valuatary emages doy no doubt, 
Gepend on our minds, m the sease that they would not 
be imaged here and now, f we didnot wed them. But 
caacily te same is crue of casy things, which no oot 
‘would thie of callag exstentally mind-dependeat. 
Most chemical reacuons that tke place in a laboratory 
sould never have happeoed if somcone had not deliber 
‘Help momced the ceagents io 2 flask and heated the 
laser aver a faze, No one espposas that this renders 
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such reactions in any import sense mindepeadent, 
‘Thnw the fact thar some images are voluntary sets 
Seselnvant mo che present subject. 

"The other point, that all images thet we can now 
jeoage are in part detcemised in their characerissca by 
‘our past experiences, is mace imparant It mutt be 
counted along with tbe fart, already admitted, that many 
eam are to some extent qualitatively miad-dependent, 
“Here, as before, we can, if we like, suboctate a reference 
ta trace in ovr Bening and nervosa systema, Bue bere, 
too che dosbt cemalaa whether thi Kind of explanation 
in hhimately of mveh phosophic importance, in view 
of tha fact dat we often know rectly what our evant 
past experiences are, whilst the taces, ete, of the 
Physiologist mre. purely bypothetical bodily cocrelates 
Of thesee Further tretmene of this subject must be 
Gefered tl we face the prablem of che yart played 
by our awe bodies in enuation and iomaginaton, 

1 will now try to sum up tbe result of this rather 
long and coraplex discassion on the relation of sensa 
to tmioda and. cheie mates, The senvum theory 
‘bound up with a special view as co the right analysis 
€ tbe id of fact which fo desvibed by such phrases 

ray sensation of 2." It holds that Gus ip complex, 
that within i ere cu be distinguished tw factors 
‘titel wbich ia dhe gengue: and 56 an object, w 
2 subjective tctoe, which is calle the act of sco 
‘The later may, of coure, be capable of farther analysis, 
sch, rf at Ruse exempts ia bit Amayeis of Mond: 
OF R may be (or contain) » peculiar unanalyusble 
celation. Now, thoes is also a theory which refs 
analyse “my sensation of +” in this way. Te bokdo 
that the whole thing is wnanalyamble rato act and abject 
On such a view tke distinction betwoen senaum and 
sensation vanishes; aod the exparicoce, which may be 
<alledindiferently by either saase, in a mental sate af 
the bind called prscuacions. This view is supported 
by meferenes to Bodily feelings, and by ai argument 
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from the coatinuty between them snd the higher 
sensations. As agaiort thin mt pointed out (o) that 
there is just at good reason to use the argument from 
continuity in the opposite duretion and (2) Ot very 
poasibly, ia ape of she comauly, there is a ceal 
Aiference ln nature between gaming seamtions and 
bodily feelisgs. In favour ofthe view that geauine 
sensations are aaabyaable cto act and objert, me pointed 
‘Out that there seem to be a plain difference between a 
re patch sensed by me and the tual fac described ax 
"omy sensation ofa red patch.” And we suggested that 
thoge who refuse to make this analysis are foreed to 
the very paradorical conclusion thar there are site3 of 
mind which are literally rot, round, bot, lod, ee. 

“The next poiot was this. Assuming that seasions 








if not, wBetber they arc existentially mind-dependent. 
‘We agreed that, sf they are etates of rind at ail, they 
‘must be presentations. But we found no positive reason 
er inking that they are states of mind, and much tbe 
‘tans reasons qgaeust that view as led us to hold that 
‘sensatioas are analytable into act and sensu, 

‘We thas discussed three more or tess piausiule 
fargumants to show that secsa are existenually mind- 
dopendant, 4. that they cannot exist excapt as objective 
‘coastitueats of sensations. We maw 0 intrinsic emo. 
‘why coloured patches ur moises shoukd not be capable 
‘of xistng unsensed. And we refared to be moved 
from this view by a2 argument from coatinsity with 
bbotily feelings. For we were far from aure whether 
bodily feelings really are analysabie into act of sensing 
‘aod senaum ; and we suggested that, even if they be, 
tie by wo means cecaia that their mense could sot 
‘ext unsensed. We tred to show why thig was tlouphe 
ta be obvious, ad to show that ris not realy sx. 

‘The teo remaining arguments scemed to us to show 
that seosa ace partly dependent on the posicion, atc, 





6 SCIENTIFIC TROUGHT 


af the body, but they did not have any tendency to show 
that they sre sxutennally dependent on the saad. Stl, 
some of the facts adduced did rather strongly suggest 
that sanse and, 0 ferhen, images, are 10 some exseat 
faltationy minddependent. We thought that this 
reference to the mind evg#t be removed by extending 
the bodily conditions, 40 28 to inchude physiological 
aces aod dispositions. Bol, in view of the wholly 
hhypotheucal character of these, we were fot prepared 
at thio stage to deny thar sensa and images amght be 
to vome extent qualitatively mind-dependent. And 
thern we leave the matter, till we des! more fully wit 
‘the part played by the buman body un sease-perception. 

‘We have cen that the whole question ia highly 
comples, and that the argumeata for the view that sens 
are mental are by no wean lacking in plausibiity. We 
shall not thecefore be tempred to think that everyone 
‘who has been persuaded by them must be either & 
knave or a fool. Sone of those who call themselves 
‘New Reabsts dave been Woo auch inclined to ke this 
‘aGitude } and, on one reader at least, they have produced 
‘the impression of being rather affensively ‘at expe in 
Zion. 





(i) Maw a Senas related to Phyrieal Object 
We can now turn t= che second question which we 
taised about seam. The plala man docs not clarly 

tinguiah batwoen physical objects and snes, and 
therefore feels no particular difSeuity abou their arial 
relations. We first come to recognise sensa as distinct 
ftom physical objects by relecing os the fact of 
sensible appearince, and she contrast between Ik and 
the supposed properties of poyzical reality. But ooce 
the exixtence of senax bas been clearly recognised the 
problem of their relation to che physical world become 
fressing. We all belewe in a world of payor] objec, 
Ib proteas to have a great deal of dettiied Knowledge 
boat i Now this world of pps! objecs makes 
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lex exlstence and is detailed nature known to us ity 
the sensible appearances which it presents to us. And, 
‘an the senaum theory, these appearances are senaa, 
‘Seasa are therefore in some way the rat capnoscond 
Of the physical world, whilst che physical workd is in 
some way the reis seed of venss. Our problem 
therefore divides into an epistemological and an onto- 
logical coe. ‘The two problems are tot ultimately 
indepandant, but it is useful to state them separately, 

(1) How far is it true that our beliefs about the 
physical world depend on our sense? Before we can 





four belieés. Firs, there is our belief that there 18 & 
physical world of some kind. This, as we have seen, 
involves at least the belief that there are things which 





and which persist and interact at tumes when they are 
not appearing to sur senses. These we may call 
couttates properties of the physical world, since they 
are part of what we mean by “physical.” “Then there 
is the belief that these objects have spatial er quasi- 


‘Thin may simont be called 
fs Shade lest fundamental than 
the fiat ot of properticn Lastly, there are what might 
bie ealed cmponcal balits about the physical world, 
These are bellafe about pointe of detail gy that some 
things are cod, and that thre fe now a red uted lamp 
‘hade om my rooms. 

‘Now {fave already asserted that itis false paycho- 
logically to my that we, i fact, reach our peroeptunl 
inden about the ane nd proprio pal 
objects by a process of inference om out 20 
{hdr propeion” Parhar, nls lplaly tenppoae 
thar the exten Of physical word ia geatral could 

or from 

Anything that we know about ther isine properties 
or thelr tual rations 1 suppose that the exileaoe 
in = necsaary condition, but itis certainly not 
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‘a sullicient condition, of my belief in the existence of 
‘the physical world. If there wert ao sensible appear. 
ances w me, I suppose that I should wor judge there to 
‘be any physical reality. But, on the other hand, there 
ls nothing in my sunsa to force me logically to the 
‘conclusion that there must be something beyond them, 
having the constitutive properties of physical objects. 
‘The belief that our sensa are appearances of vomething 
more permacent and complex then themselves seems 
Ww be primitive, and to arise inevitably in us with the 
‘sensing of the senss. le is noc reached by inference, 
‘tpd could not logicaily be justibed by inference, On 
the other band, there is no possibility of either refuting 
itlogically, oF of getting. vid of ic, o¢—vo far as | can 
se0—of co-ordinating the faces without it 

‘Thece are groupings among my own sensa and 
‘correlations between my sonst and those of others 
‘ubiic fic in extremely well with the belief in x physical 
‘world of which all the sensa are so many appearances. 
Tt might be beld thae this at least forms the basio of 
1s logical argument an inverse probabslicy, © show that 
‘the Delief ia the physical world is highly probable. 
Dut the seag hero 1 thar all such arguments aly 
verve to multiply the antecedent probability of « pro- 
position, and, unless se have reason tm suppose that 
this probability amrts with a finite magnitede, they fead 
us nowtere. Now, akinough I do not know of soy 
reason antecedently agai nce of « physical 
teot, ke ter at oe taco ee So 
Ite antecedent probabilicy soems quite indeterminate, 
unfess we are prepared to hold chat the fact that 
everybody does in practice believe i, is a ground for 
ancribing a Gxite antecedent probability to it. Tt seme 
‘to me that the belief that there is a physical wold is 
logically in much the same position as those atsump- 
‘Hapa about the constitution of the existent an which all 
inductive prools of spacial lees of mature reat. 























probability? We ean say of them, as of che beef In a 
physical world, that we all do Believe them in practice, 
that there ix mo positive ceaso against them, and that 
wwe cannot get oa without assumiog them. But, having 
said 90 much, we shall do wisely to change the subject 
and tall about the weather. 

We sball not tec attempt to prow the existence of 
‘A.world of eatties having the conmitutive properties of 
physical objects; for, if this can be done, I at any rate 
do not now how co doit. Bt we shall point out those 
cts about ourgenss and their groupings which apecally 
fic in wich the view that sense are various partial and 
flecting xppearances of relatively permanent nnd inde- 
pendent things. That is, we shal ery to indicate theae 
facta about cur senaa which would give a high final 
probability to the belief in a physic world, promi it 
hhad a fine antecedent protatalty. This wilt be our 

task in the next two chapters, which deal with 
temporal characteristics of venm and of 
and events. The firs ofthese chapters 
will be concerned with the facts about our seni which 
{icin widh the view that they are appearasices of objects 
which combioe many propertes, asd which oan be per 
ceived by many diferent observers at che aume time. 
‘The sccand will be concomed with the facts about out 
‘gonan which Sc ie with the view that they ace celativaly 
fleeting appesrancas of more permanent things and 
procesees. 

Now, assuming that there is m world of enduring 
land independent things, there is alll room for wide 
differences of opinion as to the kind of whole that it 
Forms, the way in which itis divided into parts, and the 
‘various empicical qualities which these parts possess. 
‘Common-sense and science are agreed thst it fs in some 
sense 4 spatial whole, whose pers have various shapes, 
sites and. positions, aod aze capable of moving about 
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the whole. This alleged spatial character of cha 
‘physica! world may be called *sesi-constitutive"; for, 
fan 1 bave said, we hardly admit that a world of non 
‘spatial entities would deserve to be called “physical,” 
even though ic were persistent, independent of us, and 
many-qualitied. Now, it is clear that ail the spatial 
characteristics whieh we ascribe to the phytical world 
tre based, both in general outhre and in detail, on the 
spatial characteristics of our sents. Moreover, 1 think 

‘can be rendered hughly probable that, if there be a 
physical world at all, and our sensa be appearances of It, 
then that world is quasrspatial. The importance and 
complexity of this subject seem to justify the length 
of the next chaper, 1m which J have created it tothe 
Dest of my ability. 

‘Witen ve come tothe purely empiisl quoi of 
the physical world there is « sharp difference of opinion, 
between science and common-sense. The later ascribes 
qualities, Tike colour, temperature, ete, (0 physical 
‘objects, whilst the former refuses to do so. In dis- 
‘cussing this matter the partial dependence of gensa on 
what goes on inside the body of the observer becomes 
of great importance, and the concluding chapter has 
‘acen davated to this probler. 

(2) Thrs last question leads ia the most nacural way 
to the ontological problem ax to the status of stosa 
the existent world. There s a world of physical objects 
and a word of sons. In some way the latter seems to 
‘bedapendent on the former. But both are parts of the 
sthole of existent reality. How are the Cwa related? 
‘Tins is a problem which common-sengs ignores, because 
ft dose not definitely distinguish between senea and 
physica) objects. Science also ignares it, because, 
although in theary ic makes an equivalent distinction, 
it uses it simply ap an excuse for ignoring sensa and 
‘concantrating on physical objects and processes. This 

a perfectly Segitioate procdure for the special 
purpose which astural selence hax in view, but It not 
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parmissible 10 the philosopher. His whole business is 
To drag tuch skeletons from Ee cupboards in which 
bbas been found convenient to sbelve them, and to give 
‘them thei right place ia the whole scheme af things. 
‘Now the epistemological andthe ontological problems 





comoected in the following way. Our privith 
in the existence of 2 world of relatively permanent, 
independent, things is extremely vague. {t i Wile 
‘more than a geoeral scheme, in terms of which the actual 
(grouplags which we find among our sens are sated, 
Even when we go 2 step forther, and say tht the spatial 
character and the spetal groupings of sessa practically 
farce us to think ofthe phyaccal world as a quasispatie 
whol parts with faitly deSnite shapes, ses, 
and postions, we sil have only u very genera, though 
‘much more definite scheme. Within chs genera quust- 
‘patial scheme all kinds of alternative specications are 
pouible. We are not Ged down to aay speccal view 
1s to the number of vc dimensions, Again, we are not 
tied down to any special View 4s to the ” geomet" of 
it, when the numberof fs dimensions ix setted. Latly, 
swe might put forward dotens of diffrent theoties as (0 
fhe nature of physical objects, al compatible with the 
ienoral scheme and with the’ special facts about our 
Sensa and their groupings. It is this extreme variety 
of alteraative theories, let open to us by the general 
concept of a physizal world and the special facts about 
fur sens, which gives » lnginmaze hope for indeSute 
progress with the problem under , provided 
the scientists and the patriot between then da vot 
dexzoy cnvilisatin, and wath it all disimeresed thiokang: 
Whi traditional views about dhe aarure of Space, Time, 
and Matter, wt ss exemely dificult w Ht the world of 
geass and the world af physical objec together wto 
Scoherent whofe. But, once the iamense suber of 
possible altematives wathin the scheme ia geagped, tbe 
Alevising of theories of the physical objece which sball 
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give sensn = lens seal i the physical world will be a 
‘inter evening’s pasume for symbolic logician. This 
{asi we shall Teave oo those better firted than ourselves 
to accomplish it; we shall be concerned rather with 
those fac about our sansa with which uny theory of 
physical objects must deal. 


‘hu Oritloa! Selenite Theery—I propose ow ta 
tay to nate clearly, in wcins of the Sansum theocy, 
‘what appears to be icvolved i the common acieuuGe 
‘ew of physica! objects and there sesstble appearances. 
[As siemises never sutc thee own postion on thi 
point clearly, it: necessary for us to do 30 for chem, 
We can then see how far the view can be accepied, 
and how far is plausitnity bas depended on it modest 
abveurty. 

[Let us uke the oid example of » boy looking at x 
peony. He believes tbat ris quite lneraly round and 
fast an Userlly brown. He believes that the brows 
fond, ax he thinks, round) patch which he is senslag 
ib quite Snerally «pare (o1. she upper aide) of the 
Penny. And be believes dat ts, which be now ares 
{2 the mame as what he can fexi if he puts aut bi 
and, “As be grows up be is probably told, on the 
uthonty of “atience," that the peany 16 tot" rally 
brows, though ie i» “really” round. ‘The sort of 
reason which he as given for tha sarthng samen 
i Go Gar as 1 can resember) that chiggs appear 10 
have diferent colours ix dillesent fights. If ie should 
srody hext and tight, he will be tld that the colour 
Which he sees depends an vibeations winch strike his 
dye, and that the temperature dhat he fecls dependy on 
‘molecular movements which are goung on ia the penny, 
Hee sill thinks of the penny as literally round, and 
thinks now of ait sorts of movements going on within 
ite contour, and sending disturbances to kis eye and 
his Band, "Buc ke no longes thnks of the peony as 
leelly Brown of cold. The browsness and coldness 

















THEORY OF SENSA a3 


are thought to be oficts which the processes in the 
peony produce by tansaission. The sound shape 

” dhe penny ; the brownzess and coldnens are not 
‘They are facts which the peony produces ‘‘in" his 
‘eye ar his hand or bis brain or bis ind He stil 
thinks that be Uteraily scams the same round upper 
ide of the paaay, Doth wich bis ayes and with his 
and, but be no longer thinks that there is x brown 
colour or a cold temperature literally spread over this 
round surface 

‘This, I chiak, is fale account of what the average 
person ‘with a scientific taining believes on th 
Iatters; sa far a2 anything 80 incohereat cao be maid 
tw be beliewsd by anyone. It is pectecly obvious 
that such a view aS this cannot stand eriticiom. Tt ix 
an inconsistent mixture of two utterly different theories 
of perception. As cegards spatial attributes, it keeps 
‘tw the narvely realistic view of unsophisticated comnmnon- 
sense, According te it, he seen and felt shape is not 
an effet produced 10 us by something else. it is out 
there, whether we sen itor fet it or not Processes in 
i simply make us soe it or fee} ic wader suisble cis 
cummancer. But, as cegecds cslout and tezpecalure, 
the scientifc theory takes quite 4 diferent view. It is 
1 causal dheory. The processes in the penny Go not 
sme us are a colour or feel a temperature which it 
trendy there 10 be seen ox fete. ‘They fredvce the 
colour or temperature ‘in us,” to ue a discretely 
vague phrase, which may cover out minds, our beainn, 
nid our opecial sense organs. 

Now this muddled mixture of theories is not con- 
iatent with itolf ar with the tacts. eis inconsistent 
‘with ielf for the following reason. When I look at 
a penny, the brown colour that I se is seen sproad ost 
‘over the round contour. Sunilarly with the rold tem- 
erature dat { feel. We are asked to believe that 
here ia broweneas without abepe ‘tin me,” ad round 
shape witbout colour oxt these where the penny is, 
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aed yet that le some mysterious way, the shapeless 
berennest “ia me” jato the ronnd eon 
tour of the peney “‘out there." If this be nat nonsense 
[do not kaow what consense ix. We can all sy this 
kind of thing, but can we azach 

‘0 what we are saying? 

Moreover, as Berkeley long ago pointed out, the 
theory only takes accoust of half the fact Certainly. 
colours vary with the sllumination, the state of our 
eyes, and a0 on, Bur it only needs a litle care(ul an 
‘spection to ace that esble shapes also vary with changes 
in the medism, and with the position of the observer. 
If the former fuct proves that colours and temperatures 
‘are not “in the object" but “1m as," the latter should 
prove the same thing for visibie shapes, It x3 impas- 
‘ible to reconcile the view that the penny i round, 16 
the fiteral straightforward sense, with the view that, 
when we look ar it, we lterally sense visually the upper 
surface of t, For we seage all sorts of elliptical patches 
from various pusitions. It i clear that none of these 
can be identical wth the round upper surface of the 
penny, and it 19 equally clear vhat they are not pares 
ff 1¢ 15 the interal sense ip which the King’s head is x 
part oft. 

If we want to be consistent then, we spust teat visual 
shape in the same way as colour and temperature. 
‘What we sense visvally a seosum, and the shape 
and the brownness both belong to st. JF anything be 
producsd ‘1m us" by an external object when we look 
at it, 1 fs mot just the colour, but ig the whole patch 
math ite colour and its shape. And, as we have seen, 
this patch cannot be regarded as being the upper 
surface of the external object, or ax being hterally a 
partof that surface, Nor can we any longer hold that 
‘what we sense by touch is Laccally sdentical with what 
we sense by sight, and that sight aad touch merely 
raveal two diferent qualities of this one objec. For 
Whar we mnse uctually if round and of conmant sue. 
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‘What we sense visually is not round, except when we 
are in that very special set of positioas from which 
wwe are said to be ‘‘looking straight dows on” the 
penny. And, even if we confize ourselves to this series 
Of pastins, the se of the various roved paces 
‘which we sense are not the see for diferent 

in the ‘tis therfore clear that toe wenaiGe 
view needs to be completely restated in terms of the 
senaum theory. And this ws not ayy, because the 
screntilic theory assumed that we reaily were sensing dhe 
oatour of the actual physical object out in space, and. 
that our sexgations were due to what was going on 

un that contour. 

‘Aswe move about and continue, at we say, to “00k 
at the same object,” we are aware of a series of sem 
each havigg shape and colowe, and all very much 
in these cespects. But there are certain vanations 
hich we commonly overlook These strike ut in 
exaggerated cams, and oan be notwed by careful 
Inspecuon Jn all cases Moreover, they are an a rule 
reversed when we retrace our steps. If we are going. 
to attempt 2 causal theory of perception we must ty 
to explain thes conguncuon of predominant agreement 
Uhroughout the series with shh, regular, and reversible 
variations between it different members. The explana- 
Hon that natutally atcikes us ts that the series of senta, 
depends op two sets of conditions One of these 
relatively permanent, and accounts for the predominant 
agreement of the members of the eenes. The otber st 

nd accounts for these minor variations. 
Wf we feel ax object, such as a penny, and 
look at it from various points of vie, the 
series of predominantly similar, tnt shghtly variant, 
visual sensa is corvelated with an invariant tactoal senaurs, 
‘The shape of the latter is very much, but not exact, 
Like those of most of the former. Its exactly Sike that 
ff the visual sensa which are sensed from 2 certain 
sseres of positions. As mgerds other qualiues, there 
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in complete ditference Dewees the visua) and the tactusl 
‘aus. ‘The formec have colocr, but no ‘emperatuce oF 
imndnea; the lates bave coldaeas aad herdoes, Bat 0 
tolour. Now we bave to expinin thir predomioant 
Aagrecment, combined with sinor WBerences, between 
{he shapes of the many viz! sezan and the shape of 
the one tctual sensum. And we have to remember 
that, ax regards other sensible quales, ce diterence 
‘complaca Hire, agai, it seeannatueil 9 suppose Cat 
‘here acoething common and reatively permanent, 
tvhich socouets forthe predowinant agreement in shape 
Tenween the visual and te tactual sens, od someth 
aruble that accounts or their minor Giferences ih 
shape, “This otier factor seems clearly to be connected 
with the position of the sense-organ. As the rye moves 
About, te shape ofthe viral somes varies. The thape 
of the tactual sensum does rot change: but thea we 
‘annar move the hend tox durance nd contnbe to sense 
the cactual sennum at al, as we can chaoge thn place 
Of the eye and ai continue to see. We may farther 
duppom dan dierent facors are necied to detarmice 
sock very diferent sensible qualities ax colour and tao 
Demure; butts masonable to svppoce dt, whaineer 
Shee factors may be hey aze sobject to some comnon 

which datarmines the very similar shape of 
both igual an actual sean. 

Lastly, when we compare cates with other people who 
‘say that they are looking at the same thing as we are, 
‘3 Sod again = predomicant agreement between ther 
‘nae and oarn comtiond with minoc variations Tescems 
Teasonable to soppese that there is a ct of sondivons, 
‘common to ther anaa and urn which acznunta forthe 
predominastsgreement between the two In addition, 
{here must be variable factory one specially conned 
swith one observer and another with soother obwerve 
‘These are responsible for the tuinor vacations. Tt 
seems, then, dua we have good grounds fr supposing 
that there are physical objects inthe aease of conltions 
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which (@) are common t0 ms and to others (3) are 
relatively permanent, and, at any rate, do not ipo face 
change when we move about; and (¢) detormine in 
some’ way the attributes of our seasa, in conjunction 
with other conditioas which do vary from person t0 
pervoa at the same time and for the same person at 
different times. 

{Te might be asked at chs point by a sceptical reader, 
“Why go outside the series of correlated sensa at all? 
Why not be contest to take them as a ict?) Why 
make them all depend oo conditions outside the series 
of vensa itself?” As 1 have suid, this is a step which 
‘everyone does take, but which ao one can be logically 
eompetied wo take. At present we may say that what 
induons us t0 do this is the fact that we Rave reason 
‘to think that physical objects change acd act on each 
‘other when we do not happen to be sensing any sensa 
fom them. We can drop such serien of sanm as I 
ave been describing (¢g., by turning our beads or 
‘going out of the rote), and then by making suitable 
‘moversonts we ean pick it up again either where we teft 
4t, or ina forma that is obviously « later development of a 
course of change whose caclier stages we notiond before 
‘we turned away. It is facts of this kied which (righty 
or wrongly) make us look beyond such series of correlated 

10 to relnively permanent coniitions, which Iie out- 
side the series and can devslop ox 
sehen the sere is interrupted. 

Now these common and relatively permanest con- 
didons might, for all that we have see. up to the 
resent, be so utterly unlike the sensa tht they 
condition that i would be misleading to call them 
physical objects. The question therefore at ance arisea: 
"Can we desermine anythiog further about theit 

gr with certsinty or with reasonably 





















determine anything futher with cerminty, bot I 
thin that we might determine something further with 
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high probabiliey. Its, of course, perfectly true that a 
et of conditions—end, moreover, = set which is only 
‘one part of the total conditions—of 2 seneum, must not 
be aimed to rearmble in is properties the segue 
‘which it partially determines. On the other band, it 
‘were equally uncetsonable to assuase that the two cantar? 
resemble each other. There can be no inner contra- 
ition in the qualities of shape and size, since senso, 
a least, ceralnly have shape and size aod certainly 

Uf auch qualities involved any kind of internal 








Hence itis perfectly legitimate to postalaie hypotheti. 
ally any acount of resemblance that we choose between 
sensa and the permanent part of their wal conditions 
Ie now we fied that, by postulatirg certain qualiues in 
these permanent cooditions, we can account for the 
‘most striking (ats about our seca, and that witboot 
making this hypothesis we cannot do se, the hypo- 
UMesis in question may seach a very high degree of 
probability 

Now we find that the visual sensa of a group which 
wwe ascribe 10 a single physical object are related pro- 
Jectively to each other and to the tactual sexsum which 
wwe ascribe to the same object If we regard theit 
common permacent condition as having something 
analogous to sbape, we can explain the shapes of the 
‘various sensa in the group as prosechons of the shape 
of their common permanent condition. If we refuse 
to atiribute anything like shape to the permanent 
couditions, we caonot explain the variations in shape 
of the visual seass ax the observer moves into different 
positions. This does not, of course, frovr that the 
common. and celaively permanent conditions of a 
sqroup of sensa do have shape, but it does ender the 
‘hypothesis highly plausible. We bare already seen 
that it isa legitimate one, thar there is no reason why 
‘bese common conditions should not have shape: we 
now sec that it is also a plausible one, sizce with it we 
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can, aad without it we caanot, account forthe variations 
Sn the shapes ofthe sensa of the group. 

‘What about the so-called “"secondary qualities,” 
{ike colour and temperature? We know that Descartes, 
Locke, and the orthodox natura! scientists bold that we 
Juve no right to ascribe hem Literally 10 phyaical 
colgects, whilst Berkciey and many other philosophers 
Ihave argued chat primaries and secondaries must stand 
oc Gall (and that they, on fact, Sil) together. What ix 

‘matter? ‘The Sst noed is w state 
‘of primary and secondary qualities in» 
clear and iotethgiite form. Unquestionably, colour 
fod temperature belong to xr icnca, at any rate, in 
‘the same literal way in which shape and sive beloog, 
to them. What I am immedialy awaze of eben 1 
look at a pecny stamp 1 an iodubitably red as it ix 
indubmably more or tess square. Similarly, when I 
Told w rousd piece of ice sn my hand, what I nm aware 
of is a1 certunty cold as itis cermaialy round. Thus, 
to say that colours and texoperatures are “‘unreal," oF 
donot really exist," is patently false if thin mean 
that there 19 movéong ia the Universe of which it in we 
ta say. "This is literally red," or “This ve Meraly 
old." Such statements are true of many seasa, at 
any rate, and senaa are pacts ofthe existing Universe, 

‘The only substantial question is: “Do colours and 
‘mmperatures ever literally belong to physical object, 
fo do they belong literally ony to sense?” What the 
scientist is trying in an extremely muddled way to 
do is to assert the plyncal reality of shapes acd tines, 
sand to deny the plyzicel reality of colours, temperatures, 
noises, et. Now this view, wben clearly stated, comes 
to the following: ‘*Sbapes and sizes beloag to physical 
objects In the same literal way in which they beiong 
to aensa, and from the shapes and sizes of sensn we can 
ienerally infer with reasonable ceruinty those of that 
Physical object of which these sensa are appearances 
Colours, temperatures, etc. belong literally wo sensa, 
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‘but they belocg to plrysical objects only in x derivative 
and Pickwickian sense. There must, of course, be sone 
‘thing in the permanent conditions of = group of seman 
‘which wholly or partly detecmines the colour or tem 
[perature ofthe later. Bot this something is not coloar 
Or temperature.” We have aecn what aort of growed 
‘hore is forthe postive part ofthis wiew ia there any 
{Food reason to belive the negative part of i? 

Tt i sometines Usought that the poysial theoran 
cof light and hext poniively disprove the common-saise 
view thae physical abject are inerally coloured or hot 
This ina sheer logia! tluoder. The physica theory 
of fight, eg. asserts that, whenever. we sense a red 
sensum, vibrations of a certain period are srlong our 
retina. This does ot prove that bodies which emit 
ibeations of that pariod are not titerally rady for it 
might welt be that only bodies which are literally red 
xs emit just these vibrations. The vibrations exight 
sieaply be the means of stimulating us to sense the 

‘colour, buch is Tneraly in the body, whether we 
fuappen to'sense it or not. (1 am quite certain that 
thin simple-minded theory cannot be made to Bt the 
coxremely complicated facts but or compatibie with 
fe fact that we only become aware of colosts when 
vibrations of a ceca kind alfect oar eyes and there- 
fore thus fact does st, as is often supposed, refute the 
commoc-sease view that bodies are lierally coloured 
fad that we actually setse the colours which art oa 
their surtaces} 

1 thing that the negative part of the acientic view 
oes expecss an important fart, but that it moods ta be 
seated {5 3 meh more guarded way. (1) [tit erie 
at, if physical objecta posseas shape and sine at al, 
hey must have some other quality, related wy sbape and 
sie in the same general kiod of way la which colour 
and teaperatore ae related so tbe shape and aise of 
nena. You canaot have extension «f pratonw miki; 
you must have something that can be spread ous and 
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cover an area or fl x volume. (2) There it no reason 
‘why these “extensible qualities, which sau? be 
prosent ia physical objects, if they be extended 
should not actually be colour and texperanure 
senna certainly exist, and are ceruinly coloured, dhere 
fan be no internal contradiction in the notion of an 
cexismnt eolasr. (3) On the other hand, of course, the 
extensible qualines of physical objects ara! sot be 
colour or treperature. So long as they are qualities 
‘that cam cover areas and fill volumes, as colour and 
Teonperature do, they mmght differ from any quality 
that is over present in ovr seraa. (4) Whilst we found 
(hat the assumption that the permanent conditions of 
‘eroupt of seusa ave abape, and that they and our 
bodies have position, does help us to predict the shapes 
of various seasa ia the group, we do not And that the 
scription of colours or teroperatures to these permanent 
conditions helps us #0 predict the colours oF tempera 
tures of the sensa in the group. (¢ m found more 
profitable to correlate che colours and temperatures of 

sa with the bypotheteal movements of bypothencal 
wart of their permanent conditions. This dons not 
‘rove, ns has often been thought, that physical objects 
‘aueret tery have colours ox temperatures. Of course, 
if the sensa that we sease cannot Wterally be parts of 
the surfaces of physical obects, st follows that the 
colours and temperatures of these seaan cannot Literally 
be adentucal wth the colours and temperatures of 
physical objects, even if the later bave such qualities, 
‘The acts under diacussion do show that the kypotbesi 
that physical objectaleraly have colours und tempers. 
tures, though legitimate eovugh, i not capable of 
smpirieal verification, and therefore cannot be asserted 
swith any high profability. 

‘Toe view which I have been tying to state may 
be called the Granea! Saentsfe Theary. It i simply a5 
tempt (0 formulas clearly, in terms of the Senaum 
‘Tueory of sensible appearance, che view about the ex- 





























ig was uaively realistic fr our perception of shape, siz, 
‘and position, and held a cauaal teary for our perception 
‘of colour, emperasare, etc, This combination of theories 
proved to be facosslstent with the inextricable entangle- 
tmentof the two Kinds of qualities, which we ctualy find, 
Moreover, the nasvely realistic part of it proved unten 
able in ace of the variations of vianal shape and size, 
‘which ure obvious when we view what 8 regarded as 
‘Ainge anchaaged physical object from varioxs positions, 

"Thus the only bope for the scientiGc view was (© 
restate it in a completely causal form. A serious diti- 
culty at once arose. The causal part of tbe old view 
presupposed the aarvely realistic part. When we were 
‘wld that motions within « circular cootour at a certain 
place in space caused sensations of colour and tempera 
‘ure ‘+in ua," we undersiood this, because we thought 
that we literally sae and fee ths contour in this place. 
But, a2 00m as the theory is made comply cauml, 
dock spatial and son-spatial attributes belong: primarily 
‘0 the atect produced “in us” by something else. Ut 
then becomes dificult to see that we have any betier 

t ta regard this ouuse as literally endowed with 
shape, site and position, dan os Fiteraly eadowed with 
colour and temperature. Yet the scenuc theories 
about the causation of our sensations of colour, tem- 
eras, etc, are stated in terms which seem to lose all 
meaning wniess the causes of these seasations literally 
have shapes, sizes, and positions. The Critical Scientific 
‘Theory, as sisted by us, has been an attempt (© meet 
these dliculties, to reformulate the distinction between 
primary and secondary qualities and to estimate the 
famosnt of value which this distinction can justy claim, 

1 think thatthe Criscal Sclontite Theary isimeraalty 
consistcat, so far as it goes; but I certainly da not 
‘eliewe that it is wkimataly salisfectory. In che first 
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place, it continues to uaz 2 oumber of phrases whaoe 
teacings are no loager abvious when we have given 
Up the fotion that we lieally ne pares ofthe rari 
of physical objects. atl alk of prosies being 
round,” of a sumber of diferent people at “the sasse 
me” and the mame pecsoa at “diferent tees” all 
perceiving “the same penny” trom * diferent place.” 
We must selaterpeet all these phrases in terme of out 
sensa and thete relations before we can hope 10 get & 

latent theory. { shall try any hand at this very 
cul job in the vest theee chapter. 

‘Secondly, our theory ses the phrase that proceasea 
ln external physical objec aad ‘our bodies" joialy 
produce in us” the sense by which we bocoaae aware 
of them. The phrase in inverted commas cavers a 
rultiude of problems. Do physical processes create 
easa out of nothing? Ordo Urey just cave us to xanee 
‘ow one and now aacther sclecion out of a mass of 
heady existing sensa? And, on eather alteraative, 
‘what isthe satus of seosa once they hare come into 
ristecoe? Do they jest ent aloogside of physical 

jects? Do thay ever interact with each other of pro- 
lure effects on the phiyaleal word? Orare they, In some 
Pickwickian seas, pertsof physical objects? With some 
ofthese problems Tahal ry (© dealin my last chaptze. 

‘The following auditioaal works may be consulted 
with advantage 

1B A.W Rowers, Laturs mse Bxtrmad Won, te 
io wea 
Asam of Mak Lect V and Vid 
6. breve, Moma! of Pochtagy We BK. Part Cp 
Tite Gp t 
Prout of te Arai Sty, 3933 
1 sono, Pdr of te Sa, Cap 
3 Atmmanoun, Spon, Toe, ont Day, VOLTS 
eae tna 
G8 Moon, Papa Sar 
Basnsrr, Prsnitof Hom Kroes 
Duscurre, Madimoowe 




















CHAPTER IX 
eg tpts" tase Seto rene 


Bites anes Expr quod ohne 2 oe taton inane, 


‘Homass, Lenashon, Pat 1 Cxp 1) 


‘Wr have now to dig beneath the ssoumptions that are 
tacitly ade by the Critical Scientibe Theory, and to 
discover their precise sseaning and value. In expound. 
og it we talked of a mumber of peopie all Jooking at 
the same penay.” We assomed thet there is = certain 
place ‘seen by all the observerm and thst in this 
place there is a round physical object. We have now 
(o ask what is meant by a common places what is 
meant by 4 physical abject cocupying, that place; and 
‘what cx meant by calling that object round, We shail 
find that all these questions, which seem so childishly 
simple, present great diffcultiet, acd can only be 
answered in highly Pickwickian senses. ‘They seem 
cary, because we habitually coofioe ourseves to cases, 
whieh are indeed of frequent occurrence, and. are of 
jpeactcal interest, but which really awe their simplicity 
to the exinence of epecially simple conditions. These 
conditions are not always fulilied, and then difficulties 
‘rise, This happens, fr instane, with mirror images 
which turn up in places wbere nothing relevant is 
golag on. As a rule, we simply ignore these "wild" 
tensa but we shall find that the only way to deal finly 
‘with al the fats isto base our theory on them, and to 
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regard “tame” sense as owing their tameness to the 
fulfilment of certain special siraplifying conditions, 

In dealing with our present problem we shall not 
‘only be learning somethlag more about the concept of 
Matter and its appearances; we shall also be carrying 
the theory of Space a step further. In Chapter 1 we 
simply took the common-sense notion of single all: 
containing Space for grameed ; we have now to consider 
tha exact cash value of that conception. 

Uf-we want to discover the meaning of the statement 
that we all see a certain physical object im a certain 
place, we must start from the spatial characyerisues of 

jasal sensa. Unfortunately, there is a good deal 

as to what chese actually are. Thus 

‘we are often told that we de not “see” distance or 

solidity ; and this 1s undoubtedly meant to mean that 

istanice and solidity are not charactenstcs of visual 

naa, as shape and size are. This seems to me to be 

a mimake, and the whole matter bas become 30 much 

confused that our first duty is to try to clear it up. 
‘This will be rather a long process. 














Spatial Gharacteriatics of the Visaal Field —When- 
ever 1 open my eyes] am aware of a colovred field of 
view, which 1 will call a ‘visual field." Tc 1s admitted 
"aah srod ou aodfuraly terete in 
patches of vaio colours These are at 
Ener oincd tnd egarneed by «background which neo 
has colour. ‘The middle part of this feld 1s the most 
distinct, If 1 ture my bead = litle, the field changes 
lightly. What is now in the middie and most distinct 
differs from what was in the middle of my former field. 
But it is extremely like something that was slightly to 
tone side of the former field and was slightly indvstinet. 
Conversely, what is slightly t0 one side of the preent 
eld iv very much Hike what wax io the middle of th 
Focmer field and had there masimum distinctness, The 
process of turning one's head is, of course, assucieved 
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with certalo kinesthetic seasations, whick last Jonger 
sad grow moce intense the more the bead is turned. 

@) Vinal Motive So ruc, T ssppose, ia admitted 
by everyone. I now want to call station to certain 
faces that have an imporant bearlog on our present 
problem, and are net 80 commonly noticed. As & riley 
‘we ace objects through a practically bomogencaus 
smedism, vie, alr, in which they and we are iimerved. 
Under these conditions the slight tursing of the bead 
oniy produces thave changes ia. ceatralty aed distinct 
‘ens that we have noticed, combined, af course, with tbe 
logs of pertain foutures which were on the extreme edge 
of the fist Gold und the gain of others on the opposite 

treme edge of the second. So long as the mediuat 
is homogeneous, the turning of the bead does aot afect 
the visual sensa with sensible movement. Uf, an the 
ther band, we are looking through 3 bad but of window 
glass, or through any optical tsstrumest imperfectly 
Focused, the sensa in the Sel do visibly move aa we 
turn our heads. What I call “sensible muvement” 18 
ns distinct and irreducible a character of certain sensa 
AM certain times ua colour or shape. We notice then 
that, under normal conditions of right, the sensa in our 
visual Geld may be unaffected with sensible movement, 
though we turn our heads; but, as soon as the condi 
tlons become unuasal, a cuen of the head aflets aif dhe 
sensa ofthe Beld with sensible movement. 

‘Asan, some of the sensa in a 6eld may be affected 
with sensible movement though 1 keep my head stil. 
‘Ay 1 write, 1am sitting at an open window in Trinity, 
‘and looking out at the opposite side of Nevile's Court 
‘Allthe points that 1 have mentioned are illustrated in 
my present visual feid. 1 oan turn my bead 
‘the visual apparrances of the opposite windows 
sficted with sonsible ovement. 1 look chrough the 
shut wiadow, which iz at the side of my open one, and 
ia made of rather irregular glass, [ find that I cannot 
‘tum my bead without the visual appencance of the 
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‘epponite side ofthe Court jumplog about. Lamy, there 
sarrenrinfexturesin the fei, viz ,tbe visual appearance 
of bedmakers and washerwomen foci is m Sararday— 
which sensibly move, even though I keep my head sti, 
To these oases we must add be mom, which ix the 
least common in ordinary experience. Sometimes we 
find the whole field afected with senaible mavement, 
though we keep our beads will, Tie iappens if xy 
open window swings win the breese, 

“The position, then, is this: There in no doubt chat 
seasible motion and fest are gemuine ‘unanalysble 
‘properties ‘of visual semaa. 1 atm aware of Ovum a3 
Sizccly aa I am aware of the redaess of a ved patchy 
tnd 1 ould no more Gegcribe thems Yo anyone who had 

wer tensed them than I couid describe the colour of 
1 pilla-box to a man tors blind. Now, there are three 
catinly dstincs, but camantly confused, questions that 
‘aun be asied about u quality of asensuza. (0) Da sense 
really bavm ths quality? (2) What conditions must be 
{ulbled i order chat seman wth tis quality may ooca 
and (3) What night have 1 to base ox this quality 
my sensa those Judgments about physical objec and 
their properties which T doin fact base on The fire 
question 1s absolutely independent of the other two. 
The only way to find out wietrer « senaum does oF 
doce mot have a certain quality is #9 inspect the senbueb 

if ag carefully as possible. The second question 
belongs panty to physics, partly to phystlogy, and 
partly peshaps 10 paychology (if sensa be to any extent 
tind-dependent) The third is = question for Critica! 
iionopy, Nawal thease tt wl eerie 
erpretation whick we put on the answers given 
by teneaa io)" Convers. tre snower to (a) il 
have to be such a8 ta allow for any well-established facts 
that the scieauuts have discovered 18 answenag (2) 

Now ita very common mistake to suppose That 
() has to be answered in certin way it follows that 
sensu cannot have the quality in quesson. This lacy 
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sees to me t9 have been committed by those persons 
who deny that visual seman have sensible solidity and 
positon. Thay argue that chase qualities could oaly 
have been aoquired through cerain past experiences, 
‘and conclude from this that the qualities in quesuan 
‘cannot now belong to visual sensa. This i 
a sheer fallacy ; but before discassiog’ 
‘position and solidity, 1 propave tn deal with the case of 
fteneible maton. For exactly sumilar arguments could 
tba used to prave that visual seasa do not have scnaible 
nd it must surely fe obvious, even to the most 
aker, that some visual sens do have thi 

















yy. 

‘When 1 fook through a homogeneous medwe and 
tues my head, the stimulus of light from vaslous objects 
moves over my retica: nevertheless, my sensa are cot 
Affected with sensible motion. When { look through 
1 son-homogencous medium, and tum my head, ihe 
stimulus moves acrass my retina: and this uime my 
gensa ave allected with sensible motion ‘Thus the 
movement of the stimulus over the retina may be & 
necesury, but 1 ceranoly not x suficient, condition 
of the senaible movement of ery visual sensu When 
believe that the object that ! am looking ats the sort 
of object that wil not move (4... the opposite side of 
the Coun, and whea {am sung i under normal 
conditions (ce dorough « Romogencous media) the 
sens kez stil 10 spite of the movement of che sims, 
‘Provided this movement is caused by the voluntary 
turning of my bead. Thus ic seems to me 10 be clear 
that ona condition which partly determines Whe present 
motion ue rest of my visual emt is my belief as to the 
‘motion and rest of the objects of which these seasa ace 
appearance. These beliefs must be due lo past cxpe- 
frees, not wholly visual, io connexion with saniat 
sea. “They are presumably present inthe frm 
of waces. Under normal crcumsances these Wace 
‘estralige the sensible movement which the motion of 
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the stimalus over the reting would usalf produce. But, 
4s soonas the conditions become absormat, this nestral~ 
isacion (which 1s merely associadive and insunctive, not 
deliberate and rationa} fails to Gt the umusual condivon 
‘and the sense visibly move. 

Tf the above theory be true, the present motion oF 
eat of « sensuot 1s not enuitely determined by anything. 
in the xature of the present stimulus. The traces left 
by pust experiences, wome of which were not wholly 

sual, also co-operate ; and we have what Mr Russell 

‘mneraie causation.” Yet it i clear 

‘makes no deference to the fact that here and 

‘now viaual motion and rest are properties of visual sens, 

‘which are sean,” as traly as shapes and colours, and 
which woud be taexplicable ta x blind an. 

‘These facts are typical of visual perception, und 
render the situation with which we have to deal highly 
complex and confusing. On the one hand, we rea 
pans from the visible motion or rest of our sensa to 
perceptual jurigments about the behaviour of our bodies, 
‘of the medium,.and of the object at which we aay 
that we are loolong. We could ot get so much out 
fof 0 litle if st were not that many past experiences 
fof ourselves and others co-operate with the present 

il sensum to form the basis of our perceptual sudg- 
ments, But they do cot only co-operate to form judg 
‘ments, ‘The actual present qualities and movements of 
‘our sensa are modiSed by the traces left by these past 
experiences, We have thus to deal with a double 
process, The expecieacet of many people (conveyed 
‘to us from our eavliest years by speech and corporate 
‘acuos) and many past experiences of aur own, have 
hheiped to produce our present beliefs in the places, 
shapes, movements, ete, of physical objects, and have 
Delped to produce our present classification of these 
into medium, observer's body, object louked at, etc 
Pars passa with this, the traces left by these past experi- 
fences (which express themsslves in consciousness, if 
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thay da so st afl, as expecastions and beliefs about 
physical objects) co-operate with present stimuli, and 
modify the 4: ‘of our sense, And our present 
judgments about physical objects ar, of course, based 
‘oa our senaa as thus rsodifed, 

(8) Verual Soldier —Let us now apply these genera! 
principles to the debated case of visual solidity and 
distance; and let us begin with soliday. It seems to 
me perfectly clear that, whatever may have been trve 
‘of my infancy or of my remoce ancestors, solidity is now 
‘is genuine & quality of some of my visua} sensa as Bat 
shape or ted colour. A spbere does /mot different 
from a circle, just as a circle looks different (rom a, 
cllipse. That this is due to past experiences of touch 
and past kinvestbetic sensations may very well be 
true in one sense, though | think dat 1¢ 13 certainly 
false in another.” We must distinguish between a 
‘general quality, capable of various specific modifications, 
‘and the particular form of it possesed by x cerain 
fpurticularrgengum. ‘Thus visual sohdity, on my vie 
ina general quality of visual senss, whilst spbencity 
«2 particular form of it, whoch belongs to vome sen and 

t to otbers. Now T can quite well believe that the 
‘parucular form of solidny possessed by a certain venaura 























istribution of light and shade over 
‘prmsent sensum resembles thet of a past seasum whi 
‘was associated with the experience of passing my hand 
lover a spherical gucface. And I cas. believe that the 
resemblance of the stimulus excites the traces left by 
that experience, ard that tbese co-operate with the 











inibly spherical. But t find it very hard 10 
believe that expenences of touch or movement could 
‘recte x third dimession in vissal sensa which originally. 
ad only two. 


‘Now it does seem to me clonr thet visual solidity is in 
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‘Hseif as purely visua) an viens! shape und size. It does 
‘ot consist of visual flatness, together With judgments 
about past or farace uctual sensations. Nor does it 
coonist of visaa! fatness, together with assonated 
‘images of past or future tctual scons. It Is & matter 
(of plain inspection thatthe experience of visual sliicy 
fs ax unitary an experience as that of visual shape in 
‘tmo dimensions, and that it ix impossible to disunguish 

ino x visual and a tactual part. We are therefore 
forced to suppose, either that the experienoes of one 
‘gone can crexte an additional dimension in the sensa 
‘of another sense, or that visual secaa are af their own 
rrature three dimensional. I sbould not be prepared 
to accept the former alternative unless very” str 
[Arguments could be produced aguinst the second. We 
shail nee in moment that che arguments are fecbie 
fn the extreme. I shall dhecefoce auppoge chat visual 
solidity i primitive characteristic of visual sensa, and 
thatthe traces left by past vinaal and tactval expersencas 
aeroly help to determine what forticeler form of visual 
solidity a particular sensum aball have. 

1 this be the gwauine reach of careful inspection 
no argument from the physical and physiological con 
stone of visual sensation cac poasly have anything. 
to say aguingt it. On the contrary, it will be one of 
the facta with which any theory as ¢o the conditions of 
vvigual sensation will have to reckon. Ali arguments 
‘which attempt t0 prove that salidity is not a primtive 
property of visual sense are of the following type, 
Wheoever we see an object, « certain area of the retina 
in stisulnted by the Light from this objec. This area 
ia a projection of the object oa to the surface of the 

aed such an area could equally well be che 
projection of a solid of of « plase Sgure of suitable 
shape, Consequently, it is argued, there is nothing 
in the retinal stimulus to distinguish between Tight from 
4 solid and ight from 2 plane Egare of suitable costour, 
‘Thoeafore sight cannot give us aa awareness of solidity. 
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‘This muy be illustrated in the following way: Take 
fe sphere, and suppose that we are looking at it wi 
‘ove eye. The ight from it acts a clecle oa the retina, 
of diameter, oe. 





AC we were to cut amay all the sphere ia front of SS’ and 
all the sphere behied it, leaving merely the circular 
disc of dumeter SS, the area of the cetina alfected by 
‘the fight from dus dise would be exactly the same as 
dt affected by the light fram the whole aphere, viz. 
the circular aren of dumeter ew’. Heace, it Is argacd, 
the visual yensum must be the same ic both cases. No 
doubt there will be a diference in light and shade in 
the sensum connected with che sphere, but this is the 
only diflereace, And this effect could be reproduced 
bby using © suitably sbaded fat disc insicad of an 
‘uniformly ‘ltvminated one, as ia in fact dove when 
‘painters want to represeat spheres on Hat canvasen, 
Conversely, arungements of lines which are really in 
fone plane may “look solid.” Ut ia concluded (o) that 
solidity i not & primtive property of viesal scosa 

) chat, even now, to look solid,” maaxs simply 
to evoke certain amages, memories, ar expectations of 
‘actual and kinesthetic experiences. 

This argument, which save be mistaken if it is a 
act that visual solidity is a unitary xed unanalysable 
propersy of sensa, does rest on tacit assumptions ; and, 
‘when these ace laid hare, it Joses its plausibiliy. Tt 
assumes (e) that, because the retinal ctomadar for vipual 
sensation fs twodimeasional, therefore, the corre: 
sponding cesmal smsee cannot have more than two 
dimensions. [tis this assumption that makes it 50 
plausible ta hold that the visual sensum east itelf be 
a mere surface, and therefore that visual solidity needs 
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to be explained. But there 16 not the feast reason to 
accept the axpumpticn. There is no reason, wacrer, 
‘why A sensura shoald not bave = greainr number af 
imensions dian the physiological semulus on which 
indeponds. Heeaca, evea it be tre dat the necessary 
and imficent condition of a visual sensation is 40 
tacid aver oo tha reion, this ie ca reason why some 
‘rall viual senaa should aot te vohumisons. (3) The 
srgument in question does make the furder anauniption 
{hat the complete conditions of « iowa! senauim mutt 
tbe present in the redinal aximulus with which 1 ia 
connected. If anything else, such an the trace of a 
at tacual of Kinaatsetic experience, co-operates, it 
fs assumed that it can only produce associated faced 
Images and ook modifcations of vawal sense, This 
‘again is 8 sheee assumption, and one that is mot even 
‘antecedently probable. to acy case, the visual sensation 
oes not atise cll the sumulus has passed from the 
retina, through the optic nerve, tothe bran. It isthe 
wildest dogesatison to assert that what happens in the 
brain corresponds point for pomt to wbat happened 
fon the retina, and that 0 additonal fartors come into 
‘operation there, which may be constant when the 
‘tinal simul very, or variable when the retinal sims 
dre the same Now if ery visual penetion is partly 
Aependent 02 what happens in the brain as wall ns on 
what has happened on the retina, it is surely mere 
pedaatry to assert thatthe solid shope of a certain visual 
tems cannot be a gentine property oft, because one 
‘conditions was & (race left on the brain by a past 
lacual experience. We must judge senaa, like O.B.E, 
by thele present properties aed nat by dheir ancestry. 
“The truth seems to me to be as follows: (1) Visual 
feosa, a8 such, are capable of being solid. There ix 
such & qualcy as visual solidity, and it belongs to some 
sens as mach at the shape of « Sat sensu belongs 0 
i. (a) The compleze conditions of any visual senaum 
clude (2) a simulated area of the retin (or what 
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cormaponds palst to point with thix ia the bain by 
transminion through the optic nerve); and (5) oatain 
conditions in the brain which are independent of the 
preseat stimulus on the retina. (3) Asong these 
Hndependent conditions are traces left an the brain by 
past experlences of aight, touch, and movement. These 
{do not generally show themselves in conacloueness at 
lL If they happen t do ao, they express themselves 
ts memories a expecatlons aboot physica cbecty 
(4) Generally these traces evertly cooperate wi 

(ust stle are due fo he rele mining 10 
‘produce a visual senaation whose aensuz: is of such and 
such a kind. It is, therefore, reasonable to expoct that 
the visual soldity of two sensa cay be diferent, chough 
‘the stimalated retinal area Is the same. Let us ittustrate 
this by the case of the disc and the sphere. tn both 
‘eases the same circular area of the ceting is stimulated 
sand the disturbance s transmitted from it to a correlated 
part of the braia. In neither case is tbls sufficient to 
determine completely the nature of the visual sensum 
which shall be sensed at the moment. The other 
eowsary conditions include factors ia the brain which 
are independent of the present stimulus and existed 
beforn it took place. Amoug these are traces left by 
part experiences. Now the disiibution of the light in 
the case of the sphere excites certain traces, fy whilst 
the dierent distribution of the Tight in the carp of the 
uniformly ituminated disc excites certain other tracts f. 
Calling «, and o, the visual appearances of sphere and 
disc respectively, and r the common ares of the retina 
simulated, we have 

= Hrt9 a8 wom rds 

and the mensible shape of the two sente takes diffrent 
forms, viz, the solid spherical form and the fiat round 
form.’ Conversely, auppote we ace looking at « per- 
spective drawing of a cube oa Gat bit of paper. If 
we happen ca be thinkieg mainly of solids, an we 
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generally are, 2 trace, fq lelt by past experiences of 
touching cubes, will vend to be excited; if we are thinker 

mainly of the fae bit of paper a dierent trace, 
4p Will end to be excited. The fwo visual sens, 

Ke Kris) andy Hits 

will then differ in the specific form that their sensible 
sinape takes, 

(0) Vimat Dissaner.—We can now pasa tothe quantion 
of visual distance, which is more important for our 
resent purpose, and about which almost exactly the 
tuime controversy has arisen. We have been told 
‘ad nowserm since the days of Berkeley that we do not 
see objects at a distance from ourselves, but that the 
perption of distance by sight as simply associated 
images of tactual and Kkinzsthetic sensations. 1 take 
thya to mean thet distance is not a0 intrinsic property 
of ous visual fields, as colsur, size, acd shape are. 
Now it is perfectly obvious to me that [ do sense 
sdufecent patches of colour at diferent visual distances. 
‘When it is said that we do not see distances out from 
the body, the only sense in which it is teuc is that, in 
‘monocular vision, there is pothing in the ret hss 
which is uniguely correlated with the distance of the 
source of hight from my eye. In binocular vision 
there ia, t suppose, parallax between the two cetinal 
impressions. To make the case that 1 am arguing. 
ragaiaat us strong as pasaible, will confine myself to 
‘monocular vision 

Tria truc that, if 1 Aix a stick 6 inches Jong at 6 feet 
from say eye, its projection on my retina is the sae 
fas that of w tick 1 foot Jong held at 12 fect fom my 
eye and paralel to the first. The one factor of length 
Jn the retinal impression has to represent che ae (actors 
of length and distance in the physical object. This 
‘of course, sll clearer if we keep one end of the stick 
fied and move the other end about in various diectioot 
in Space, The various projections on the retisa are 
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of mazy different Jengths ; but all these various pro- 
3 could equally have been produced hy sticks of 
‘uitble lengths, with their directions all confined 10 
the plane parallel to the observer's body. Hence there 
the cetiaal impression to distinguish 

‘number of sticks of various lengths pat in 








‘between 
‘various dicections in plane paratlel 1 the body, asd 
fexingle stick with one end at 2 Gxed distance and the 
‘other turned in various directions in Space. The con- 


Glusion drawn ig that distance out (rom the body 
ot ap attribute of visual sensa as such, fike length 
and hraadth ; the distance that ig apparently “agen” 
consist of associated images of Kinmathetic and totusl 
‘experiences that have bees enjoyed io the past. 

‘We must make much the same criticisms on thi 
argument as we have already made oc the argument 
to prove that there is no such quality as visual galidity. 
{t) Whatever may be the bistory of the process, it is 
feew a fact that one visual sersum is visibly remoter 

that « stick 6 inches long and 6 feet 
may fs dithren tom «peril ick + toot tog 
(2) This sensible distance is not 














tance, together with revived images of past kin- 
veathetic and tactual sensations. Visual distance it as 
simple and unitary a quality ro itself (webatever may 
‘be true of ets condifin) ax vascal length or lreadth. 
G) Wis extremely dificult to believe that visual sense 
started with no such quality as distance, and chen 
‘acquired an extca quality, perfectly interchangeable 
with their former qualities of lengih and breadth, 
through antoclation with expersences of another sense, 
(4) The face that there is nothing in the cetinal strmutus 
hich is umquely corcelated with distance in no way 
proves that visual sensa do not, fom the very Sirst, 
have some form of visual distance. It is equally true 
that there 1s nothing im the retinal stloulus that 
‘wgucly corresponds to the length or breadth of the 
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‘object at which we are looking ; yet the peesent theory 
does not hesitate to hold that length and breadth are 
genuine qualities of visual sense. In fact, cothing 
‘But prejudice can make us suppose that, because & 
physiological stimulus bas unly w dimensions, the 
seaum which is correlated with it eanaot have more 
than w dimensions. It is, therefore, perfectly open to 
Us to hold hat all visual sensa have, of thele very 
nature, some visual distance or othee. The only problem 
te accouet for the fact thet here and now onc visual 
fsenaum has one sexsible disance and another visual 
‘sensu has another. (3) To account for this we bare 
to remember that, on acy view, it is mot the retinel 
vulue itaelf, but a process in the Drain, which is the 
Ist lin in the train of events which ends with « visual 
semation. This being so, it is not unreasonable to 
uppase that the tot! physiological conditions of any 
Visual sestation include (@) « set of brain-etates which 
cocrespood by trasumission to the events In an excited 
area of the retina; and (6) certain brarn-otates which are 
independent of che present retinal stimulus. Among the 
latter are traces left by past experiences of sight, tue, 
‘movement, etc. ; and these play an imporant past in 
ewermining the particular vieual distance that a given. 
visual vensum shall have. [tisthus pecectly intelligible 
that the sensible length and distance of two sera should, 
Gilfer when the retinal stimulus it of the same size 
‘and sbape, and conversely. Tris is simply another 
instance of the same gencral principle which we bave 
‘already seen at work in the case of stnsible motion and 
rest and in that of visual solidity. 

‘A. special diffcalty with which we must now deal, 
bas beso felt about ascribing distance to vival sensa. 
It isargued that distance is ementially a relation between 
‘two terms, and that s elation cansot literally be sensed 
unless both its arms are also sensed. Thus we do not 

ually sense 2 given fine, unless we visually sense 
‘voth ends of it. Now we certainly do oot visually semse 
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coor own seinz, and therfore it in ixpossibie that we 
‘Should visual seese the distance of visual senss from 
them. This ia perfectly sound argument, und to meet 

"we mast aw certain distinctions 

18) The fiat thing ta recognise is that tho mwaresesa 
of vial dizance 1 primarily an swareocas of cht 
Gistance berwesn two vleual senaa, and is pot an aware 
eas of the distance of ether of them from our retiaa. 
Tes perioaly trun that the distance of senaa from our 
retina ia not venvod by sight. ladeed, itis only poosible 
fogives meaning to the notion of disuace Metween & 
vinval senaura and sowething, like the retina, 
not sensu at al, iow highly Pickwickian yeose. All 
Tam asserting is that, when ? open my eyes Cun aware 
of a visual Ged in which diferent jarts buve diferent 
Sopihs. What | seaue ws visual distance i the afermat 
1 duph between two sean ic this Gab, 

(2) We must therefore disingulss between visual 
tpch and igual duces. Depth ia a senile quality, 
‘Not a senaide relation. Visual distance iv a sensible 
elation between two visual semsa, founded” spon the 

erence of thei reopacive visual depts. When wa 
tense 20 sensa vith Gillrent visual depthn we pre 
Justo vensn the relation of visual distance between teas. 
‘ewe anty seuse «single viscal sensura (ay a lueninous 
fash on a perfectly dark nigh we donot sense distance, 
‘wut we do sense depth. 11 i, of course, quite tue that 
ig exremely diffesle to esimate depth accursely 
apart from distance. But there is sothing add i this, 
We in extremely dificult 10 eatiate length accurately 
xcept by comparing ao object with some ther. Never: 
tens, Objects do bave lengths oftheir own, and the 
dons etweon thea which we notice when we com- 
jareaot mana a Duna on thn kgs of wrk 
of them. 

{@) Sense ave at vo distance fom our retina, notin 
the pense that they are at zero distance from i, a2 the 
points of cnntactal tea biliard balls are from each over 
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‘when they Bit, but ia the sonse that the concept of 
vison! distance does not apply at all to anything but 
pairs of visual sensa. They are at no distance apast 
in the kind of way in which it is trse that my belief 
that 3x2—4 iat no distance from my desire for my 
tea. A Pickwickiaa sense of distance can be defined 
jn which itis true geserally to say that visual sensa of 
Teas depth are nearer to my eye thar visual sense of 
greater depth. But this Pickwickian seove involves a 
feference to movemest and other things which we bave 
et to consider. The interpretation of the depth of & 
ingle visual sengum ia terms of distance between it 
fand the eye ia, ofcourse, greatly helped by the fact that, 
wwhon uo seem of diferent depth ure both sensed, the 
sorrelated relation of vinual distance betwees them ia 
alsa immediately cognised. 

have spokea at some length about vizual motion 
rand rest, solidity, and distance, for three reasons: (j) 
‘They dhiscrate the extreme complexity of the relations 
‘’etwocn snnsa ifthere be such things. as we areassusnog. 
‘tiroughout this book) and physical objects and processes, 
and obow that the past history and present expectations 
fof che percipicm must be supposed so be partial co 
didons of vome of the qualities and relations of seasa, 
‘This cuts out at once any of those cheap and easy forcas 
‘of naive realises which are produced io mass and 

ported in bali from the other side of the Atlantic. (i) 
‘Th protien of the pereepos of divance xod policy 
by sight in an intrinsically ioterening and very complex 
‘one, and we bave at least shown that many venerable 
[arguments on these subjects rest on axzumptions which 
dare not convincing when clearly sated. (ii) The con- 
chusions which we have reached about visual distance 
{ned solidity are of the utmost importance for aur 
immediate parpese, vz., a discussion of the concepts of 
postion and shape, a8 applied to sensa oa the one hand 
and to physical objects on the other. 

(My wiew in that nearly al the general concepts that we: 
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te in dealing with Space, «2, distance, Sirection, piace 
shape, etc. come from sigit, whilet the notion of one 
Space and the pertider guonstaioe vas which these 
{General concepts assume in special cases are de mainly 
Bimchindto movemestSeiesaf onsbeac xa 
tlons ace not, as such, experiences of diance, 
tie and] do oot we how they could ever be imerpreted 
in auch terms usles the secessry concept bad already 
been supplied by sight. Before going further, 1 will 
sum up our conclusions acd akeich the gezeral oxtine 
tthe view that I take. 

) The physical world's conceived as comprising 
‘at any moment  mamber of co-erining objects of 
various shapes ard siaes in various spatial relations to 
tach othee. (8) The concepes, ia terms of which this 
view is stated, come mainly froc: sight, and could 
Thal have arisen apart from it. Sight supplies cach 
of ue ateach moment with an extended vinsal fld in 
‘Which there are ovtsanding coloured patches of various 
shapes and sizes. These co-exist; ace ic many caret 
Aeanibly solid and have various spatial reaons to 
cach other in’thret_dimensions, whieh relations are 
Airey sensed. (These visual experiences, howerer, 
need much supplementation before they can give cise 
to the traditional concept of physical Space. In the 
Seat place, visual shape, size, distance ela 818 20t 
quantiatively very definite. Again, Space isnot 
abought of as ‘mormentary or private 
the objets in it, are thought of as public property 
which all observers can perssive. And it is thought 
‘af ag the permanent coxtalacr in which physical objec 

ersist, change, and move. Thus it i nmcasary 
to.contect up with tack other (i) the suoomsien vigudl 
Selds of the same obearver, ad (i) the coatsepocary 
vinual Gelds of diderent observers. This fact may well 
make ut anticipate that he taditional sepacation of 
‘Space and ioe is not an imate fac, bot la = con 
venient Seton, which works as well ar it does because 
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of certuin simplifying: conditions which are generally 
falflled in everyday Ufe. (2) The comnecting link 
botwenn various visual fields 1 believe to be mainly 
experiences of bodily movement and of touch, These 
alsa enable ux to give quantitative deBniteness to tbe 
nally qualitative coocepte wich we derive from sight. 
(@) These serie of movementarnsations are not them 
delves sensations of spatial zelations. They are serica 
im Time, whereas spatial relations are cocceived. 10 
Hak contemporary terms. They ae iierpreed spatially, 
{a terms of the concepts which sight alone can supply, 
‘thcoogh their association with visual experience. (/) 
‘The ccuraie quanutaive etait, and the unity of 
physeal Space, a8 conceived by us are thus due to 
the Intimate aptociation of sight wich touch and move- 
menternartions But the traces of the latter 40 not 
‘work simply by calling up judgments or images of 
ast or possible movernests and touch experiences. 
They also cootiaually modify the actual properties of 
‘our visual seosa so that the ses conoected with & 
aiven retinal disturbance may come to acquire different 
‘visual shape, size, and depth, from that which they 
at firs had. () 1 do not, of course, mean that the 
‘spatial attributas of visual gonsa can be indeftitly 
modified by association with other expetiencen, oF thit 
such association does ot olsen express itself by mere 
judgment, without wodifcatioa of the qualities of the 
‘senaa. For instasce, it is true that if { look at what 
TToelieve to be « round object is 4 coasiderably oblique 
‘direction, the visual sensam i not reodered round by 
the traces of past experiesces, but remaiaa visibly ellip~ 
tical. What the trices do bere ig not to modify the 
sentum, bot mecely wo produce the jodgment that t 
am in fact dealing with x round physical object Tha 
sowing 0 rauncivess ia mainly baved on visual € 

perlences the fact that apply Che coucegt of roundness 
‘and ot tha of ellipticity to the perceived object is 
smaily doe to the associated traces of past tactual and 
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motor experienoms; hat the later anly modify my judg- 
ment about 2 physical object in this caue, and do not 
away render the visual scnsurm round. This may 
be conrasisd with the case of looking through a 
homogeneous medizm at an object which is belleved to 
be sil, und taming my ead. Here the traces let by 
‘actual and kinesthetic experiences, which 1 have had 
in the past in connexion with similac retinal stimuli, 
{do prevent the sensumi from having any sensible move. 
ment. Uf the medium be not in fact homogeneous, 
these traces will automatically supply an “over -corre: 
tion,” and. the sensa will visibly evore. (4) On the 
whole, we may say that traces of past experiences do 
tend to codify the qualities of visoal senaa in such & 
dimection that they approximate miore closely to those 
‘which we believe the object at which we are looking 
possesses. Often the approximation is very imperfect 5 
Dut a5 w rule, this makes litle dierence to the judge 
‘ments that we maize about physical obyecu on the baslt 
ot our sense. (2) Ia any case, the spatial attributes 
that we ascribe to a physical object, on the basis of x 
resent stimulus and the traces of past experiences, 
fain their whole maoning from sensa and their proper: 
ties, nd is the mam from the propertes of wisval sens. 
[may judge that T am looking at a round penny 
because ( am sensing an elliptical sensum ; but what 
T mean by calling it “ound,” is that i has the same 
sort of shape as certain visual sensa that I have sensed 
in the past (a. when 1 looie straight down on pennies). 
GY We must further cemensber that, in amety-nine cases 
‘out of a hundred, the resuit of association, whether 

modifies the prasest sensu of rot, is nat to produce 
an explicit jadgment about 2 physical object and its 
‘Properties, but to guide us to appropriate actions, 
‘When we say that az elliptical sensum, together with 
traces of past experiences, leads us to judge that we 
aur looking at x round physical objec, this is generally 
san overdntellectual statement of the faces, The peculiar 
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‘experience of judging or believing may not arise in our 
eae ch at aud (peokably. oil ate we ate at toe 
time more intrested in action than in relection—as the 
‘present state of the world proves mast people to be 
xt most times, What really happens ie that we act as 
‘we might reasonably ave been expected to act if we 
bad made such and such a jodgment. 


Tes Ooneptot ace: (0) Suri, Pla —Let ws 200 
ea ‘with the concept of place, as applied 
nan and to physical object, We will start with 
visual sense. The fundamental meaning of * place” 
foe visual sera ia theie place in the vious! feid of the 
obgerver whe sensey them. This 1 shall ox!l Seasnble 
Vinal Place. We shall alo find it convenient ta aay 
‘that auch aod such a coloured patch ia amaubly precmt at 
‘a curtain place in m vieual field. Sensible preseoos is 
(0) directly experienced by sight; (is literal und n= 
Analysable, not Pickwickian; and (2 is private wo a 
single observer, ia the sense that it only applies to the 
‘senaa of his field. It is @ relation between 2 sensum, 
which is part of a eld, aod the rest of the Geld. Two 
Aiffecent men have different visual Relds, and the same 
‘man has different felds at different times A given 
field may be mid to last as long as the specious present 
of the observer whose field itis. We ahall bave to go 
fully into this matter whes we deal with the concepts 
‘of date and duration, as applied to senea and to physical 
objects. In the present chapter I sball mabe the 
simplifying assumption that our successive fields are 
literally momentary. This is certainty cot trve, for = 
momentary field is something that can only be defined 
by Extensive Absiraction ; but itis best to deal wi 
‘one difficulty ata time. 





























‘Haual feld, with it variges coloured patches standing 
cout at different depehs and in diferent direct 
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alone gives msaning to the concept of Spect. The 
‘concept of Space is that of a perfectly unique kind of 
whole of co-existing parts, and, if we had never bees 
sensibly acquainted with a coccreze individual instance 
‘of ruch a whole, we could never have formed the com- 
cept, The visual fickd seems to me to be ax instance, 
and ‘he oni stance, of a spacetike whole with which 
wwe are directly acquainted. Now, of course, once 
onorpt has been arpuared through seasible noquaintance 
particular ingtance of it, it can be apphed by 
thought to wholes which are never sensed as such 
hut are only concrived by reflection on experiences 
‘which come to us piecemeal. In order to apply the 
concept ta such wholes, mazy modifications in detail 
may be necesaary, and these will be suggested by the 
chatacteriatics of the vanous expenences which we are 
synthesising ender the concept of a quasi-spatial whole, 
For example, 1f you ask w scientist what he andere 
stands by the statement that an atom consists ofa number 
‘of electrons arranged in a characteristic pattern i 
Space, he will not be able to answer you by defning 
‘aia meaning in terms of other emeapts. But he will be 
Able to answer you by exvmptyving what be means. He 
can ask you to lool up at the sky on a clear night He 
can then say that he thinks of the electrons as analogous 
to che litle eninkting dots in your visual Bald, and that 
he chinks of them a8 forming s pattern in Space, in the 
sense in which those htie dots form a pattern in you 
Wioual field. In fect, a bit of matter is to physical Space 
as a visual stnsum is to o visual field. This is the 
fundamental, som-Pickwickian sense in which things are 
‘conceived to oorupy places in Space. What we have 
now to consider isthe facts ubout our seasa and the other 
experiences hich encourage us to extend the applica- 
ston of this concept beyond the visual field and its 
©) Comprasuce of Vosual Sousa from diferent Fide — 
TET look at a peasy, and either stand atill or walk 
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‘about 1 sense a successive series of vimal Felden 
each of these there is x sensum which is an appearance 
of the peney. Again, i 
at the penny together, there are as cuany diferent visual 
felds at any moment as there are observers. Each 
costains a sensum which is an appearaace of the penny. 
‘We say that the appearances in the successive fields of 
seach observer, ard the appearances in the contemporary 
fields of the various observers, are in a certain sense all 
‘in the same piace,” and we say that thie is the 
place where the penny is.” Tt is evident that facts 
‘such ag I bave just been describing are che sensible 
‘asis of such statements as that "go on seting the 
‘same penny,” and that other people and ayself = see the 
same penny together.” If there were no such correla 
tions between the successive fields of myseif and between 
the contemporary fields of several observers, there would 
‘be no ground for making assertions of this kind. 

Now it is quite clear chat when T say that a number 
fof vena from diferent feids are in the same place, T 
cannot be uiking of “sensible place,” as described 
above, for that concept cafers essentially (0 the relation 
‘uetween «sensu and its own Seld. We must, there: 
fore, try ta find the exact cash-value, in tarms of vensible 
‘experience, of the statements (¢) that the 
sensaarein the same place; and (#) that 
‘where the physical penay is. By considering abnormal 
canes, Bie mirtor images, we shall sec that sometimes 
the fist is true when the second is false. But we will 
begin with more oediaary cases, 

"Very often the successive visval felds of an observer 

r. te particular, there may beaseniesof 

sensas,... + + teinhissuocessive Belds7, . . + » Ju 
‘which are very much alike. Let us take the case of 
man who would be suid to be lookcing directly at some ret 
ing luminous object through a homogeneeus medium. 
‘What sort of visual sensa will be sense? To wart witb, 
2 certain sunsum 5, in the field /, may attract his atien- 
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tion. This may be somewhere ts the side of the fed, 
‘Suppose he turns his bead so thet, as we say. he 18 208 
looking at the otject af which this sensuss isan appear- 
ance.” What happens is that be turns bis head until be 
in amare of a eld f, in the middle of which is a senssm 
Jy which in colour, shape, etc, very much resembles 
the seasusn ‘originally attracted his attention. 
‘Thia will hve a certain sensible depth Suppose that 
he now begins co walk, “following bm nose.” Hie will 
sence a series of visual elds, of which the following 
(generally be true. (3) In any one of 
il be m seasum 4, in the middle, lonely 
shape and colour. (i) The seasible 
depths ofthe successive sens 4, « « « » » de will steadily 
imaish, whilst their brighten, distinctness, and sire 
willinerease, (hi) This increase in dstinctne 
‘ill go on up to & maximum, ay in the sensvm 4, of 
the field fa (iv) Kf he now goes further, various ew 
and starting things will begin to happen. He will 
‘often find that, if Be stretches oot his band in frost of 
‘kim, be will sense tactoal senm, correlated in shape 
with dhe visual sensumn, He uy also bum his fingers 
badiy. "He will generaly find that bis path iy blocked. 
GW) I he manages @ get pax the obracle he wil find 
field fey: contains 20 sensim Sy like those of 
the sora. ss + « te (vi) Very often he will be able 
ta sense a fild 7, whick does contain a sensur fa, of 
the right kind, provided that he turas right zound. the 
easesee of tbe proce, thea, is a succession of visual 
field, each containing at its cantre one of x series of 
qualitatively sizilar sensa of steadily dimiaishiog depth 
and increasing brightness and clearness, followed by a 
‘great discontinuity and the begizning of new, though 
ohen encrelated, seasons, 

‘Next, let us suppose that on another occasion the 
ras does not try to turn bis head so as to sense a visual 
field with s sensum Hike 1 in the riddle oft. Let him, 
ingmmad, walkin some other dizection, and let him stop 
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at some point in this course. Calf his visual field at 
that time ¢ 4, aay Ox may not contazn a sensu hie 
Jef itdows, the sonsum will cerusinly sot be 1m the 
middie of the Beld, and will probably be a very distorted 
projection of i But, on either altcrnative, he will 
generally be able, by suitably turning bis head, w senee 
A field /, in the saddle of which there ig sengum #4, 
which is's good deal hike 1, though not as a rule $0 
much Tike tas the senas of the seres 4... Ju ze 
Wee each other. (As we say, he is seting « different 
ide of the object.) If he now follows his nose, he will 
‘Reneral case « series of vival fields fy. - =  f'm 
In the middle of cach of which is a sensu of a series 
Fonseca ty Thi series will have the same sort 
cof Internal relations 43 the Series 4) + + «+ ty anid 
Will end up in the same catastroptuc way. Now our 
solitary observer will often find that, wherever he 
‘arts, he om, by suitable bead-turning, sense such 
{series of sensa. He thes comes to recogznise « central 
region of discontinuity, to which he cam walk from any 
pontion, and to wbich be passes through sexes of 
itilar visual ssa of decreastog depth and socreasing 
brightness 
"Now be will find this notion of a central volume reia- 
forced by rome of his other senses. The two other 
senses tbat act at a distance are hearing and the feeling 
of radlant heat. They have interesting GiSerences from 
‘each other and from sight, which will be worth mention= 
ing. Let us begin with sound. There 18 an aud:tory 
soctinsum from which particular xoises stand out, 34 
particular coloured patches stand out from she sight 
contmsum. But, whilst patches of colour have definite 
shapes and sizes, noises Go not. 1: is extremely hard 
tu state the vague spatial characteristics of a Bld of 
sound. Dallerences of direction in it can wertainly be 
sensed, bot each sound seems to fill the whole sound- 
field, though one ia more intensely present in one part 
‘of it and another in another par. Coloured patches 
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the same visnal Feld do sot interpenctrate. Two 
dierent colours cannot be sesaibly present in the sume 
place in the same visual ck. A colour is cither 
sensibly present in 2 place or ii ix not. There ix 90 
Question of degree. But eack sound seers to be present 
‘everywhere in the auditory fcki, though it is “more” 
present in some parts than in others. This difference 
between the sensible presence of sounds and of eoloure 
leads to a diffrence In the way in which common-senve 
supposes them to be present in physical Space. 
Commonsense says that the coloure that tt sos are 
spread out over the surfaces which it can touch, Tt 
refuses to say that they are present in the medium 
‘between this and the observer's body. But common- 
sense docs not hold that the noise of a bell is spread out 
‘over the surface uf the bell, or even thst Is confined 
(a the volume of the bell, T chink it would prefer to 
say tat the noise is present throughout the whole 
surrounding air, and that there is merely “more of it 
er unit volume” as we approach tbe bell. 

‘Apart from this very important difference, to which 
‘we shall have to return, there are striking likenesses 
‘actween sight and bearing If we sense a sound & (6g. 
the audiory appearance of » toting bell 

ar heads in such a way thats ot 
occupies the middle ofthe auditory etd." (Ewe then 
fotlaw our noses we shall, as a rule, sense 1 succes 
of auditory elds fi... « fe each of which comaine 
‘a ius centre one member of a series of auhtory sens 
Seve sede These are qualitatively ake and of in- 
freasing loudness, though I do not think we can say 
that there is anything corresponding t the continual 
decrease iz sensible depth which we abould End 
series of visual sens. Afr you bere reached a ceria 
stage in this series you will geaerally find that, on 
stretching out your hands in Eont of you, you’ get 
‘actual sens, and that, as you do 30, che sound ceases 
or is modified. Exactly paraliel'reslts to those 
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esceibed in the came of sight are found, when we 
‘approach from diferent starting-point, of pass 1e 
obaacle ix which such scree gencrally end, Thus 
sudiory sens equally lead us ta the notion of centres.” 
Now in very many canes, whcther you more under the 
Guidance of your visual senax or under tat of your 








happens, 2,if we Seat look at a sounding bell 
‘with our ears’ stopped, and then unstop our exrs and 





Giscontinuity which can be approached from al sides, 
and which are not mecely centres for colour or for 
sound, but are centres for Both. 

1f we now ask ourselves why colours are held to De 
fon the bounding surfaces of such central volumes, and 
‘not anywhere else, whilst sounds are held to be both 


‘ih round the sounding centre, the answer is 
Visual sensa have sensible depth ; ths steadily 
dimizuhes in the successive sensa that we vente an we 
approach a centre, but never vanes altogether till we 
_art too near the centre to sense any sensurs ofthe series 
at all. On the other bané, noises have no Saad 
‘wounduies: they do not exclude each other from the 
same sensible place; and they €o not, f think, have 
sensible “depeh." We kave thus no ground for saying 
that we approach the sound when we approach the sownd- 
ng centre.” A part of the sound is held to be wherever 
‘we are when we hearst; at merely is present in greater 
ansity at places neare: the sounding cestre. 

‘Let us eat sy 2 word oF two about our sensation 
of mdsant heat. We bave here secies of sensa of the 
te land as we have with sound. Fey lead us nguin 
{the notion of centres of discontinuity, and in general 
‘0 centres which are commox to radiast heat, sound, 
and might. But there is one mizcesting and important 
‘peculiarity i the case of beat. [f we start at a distance 
From a centre we feel x beal sentum: and, as we 
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‘approach, our successive heat sena are more and more 
intense, in the usual way. Now, ax usual, when we 
‘get to a cermin polnt in the secies' we can sense tactual 
‘gensa, if we atetch ost our bands in fromt of us. These 
‘gensa vill utuaDly be intensely and. painfully hot The 
interesting: point is that, in this case, beat is fet orb io 
the surrounding space and oa the surface of the central 
volume. ‘There is no seasible depth is the field of beat 
‘ona, 20 that, as with sound, we do sot localise the 
‘mucoossive tensa on the central volume. On the other 
hand, when we do feel the ocotral volume, the taxtual 
aensa are themselves hot. So the beat is regarded aa 
bath Siting the svrroondsng space and cesiding in or oo. 
the central volume. Naw common-sense regards what 
can be felt as che physical abject ar axcllenc and the 
place to which one has to move in order to wense the 
‘actual gonsa an the place of the object. Owing to the 
fact of visual depth, and its gradual decrease ax snch 
‘central volumes are approached, encimon-tense 
all the successive vitual sensa as localised on this 
volume. It therefore says that the central volume ar 
solnared, wot that it cextes colour. Tn the case of the bell 
itdoes not tay that this ts endeared with sowed, but that 

ia the cau of the surrounding space being Slied with 
round. In the case of heat i thinks of the oesiral 
volume at both ding Aol and caning the surrounding, 
pace 0 be Sled with heat. The discrete side of the 
‘common-sense view of the physical world is based on 
the peculiarities of the visual field, and om the fact that 
long intervals of free movement ‘often come between 
actual sensations. The continuous side of the common 
sense view of the physical world is based on the 
peculiarities of the fields of cadiant heat acd sound. 
Heat sensations in some way form a connecting Link 
between the two aspects of mture, since they are felt 
‘both ae and Asces the centres of discontiasity. 

I is obvious that these two sides of the common-2enee 
view correspond 10 ves! facts io sature, But we may 
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reasonably suspect drat the seperation between them 
Nak: bees mate wo. sheep ns, enqnetions het 222 
made primarily in the incerests of practice tend to 
be, Aaa suatter of fact, the common-sense view has 
been based suxinly on experiences of touch, sight, and 
movement. Pervasive media, like air and ether, bave 
only bees recognised in bistorveal timex. Thus the 
‘continous and transmissive side of nature has had to 
be fired intn = prehinoric metaphysle of the external 

11, made up tainly to deal with our experienoes of 
visible and tangible volumes with sharp outlines, 
‘Atomic theories are so mach more comfortable to most 
of us than hydrodynamic theories, because they fit in 
to muuch beturr with the scheme that we have iaherited. 
from the penetical philosophers of the Stone Age. We 
learn, aa tite goes on, that light itself travels through 
1 eedium with a velocity, det colours seen depend on 
feventa in ceatral volumes, just ax do sounds heard, and 
that these colours may turn up 1 places where no 
correlated tactual seca can be felt. All dhs will have 
to be dealt with larer, more especially when we come 
‘to treat of date acd duration. But, in the meanwhile, 
may offer the suggestion that good deal of our 
difficuity with the philosophy of the external world 
due ta the fact that we are Lryieg to St now data into a 
‘cheese based on experiences which did not inciude 
tham, and which ignored or minimised che sensible 
facts, auch x images, shadows, echoes, etc, to deal 
‘with which oew coscepts are needed. In just the sume 
‘way we inal on forcing the facts of modern society into 
the ethiaal and polincal (ramewori of a simpler age, 
‘without even the excuse that this “works weil in 
peactice.” 

‘So far, we have confined ourselves to the case of 
solitary observer, inmersed in a homogeneous medium, 
such as aie, and dealing with reting objects. These 
are, of course, very common and practically important 
‘cnditioas, and the corresponding experiences are there- 
































om ‘SCIENTIFIC THOUGHT 


fore commen, and have left their trices deeply on every 
fone. I have tried to show that such an observer will 
soon reach the nation of “centres of discontinuity,” 
domed about in various places which be can reach by 
movement; and that hus successive visual sensa fall 
intn series which ha will localise oo the surlaces of these 
central volumes. Further, we bave seen that the senses 
Of bearing und of feeling heat will reinforer this notion, 
‘and will lead him to revogaise these centres as common 
to the scam of different senses. Ia particular, beat and 
‘sound will combine to give him the notion af centres 
‘surrounded with “physical Selds.” Sight, for reasons 
‘mentioned above, does not guve to unsophisticated people 
the notion of a physical Geld ; acd whes the advance of 
science makes it necessary to introduce this, contidere 
‘able didicultias are felt in reconciling the omaiprescnee 
tand the finite velocity of the tight field with the strict, 
localisation of coloucs on cestral volumes remote from 
the observer, We may say, if we Wie, that colour 
belongs payrcally to the continuous side of mature, but 


that it has sa far belonged spertemlagioaliy to the discrete 
aide of mature. 

‘We can now pass tothe case of a number of obrecversj 
‘and theace 10 the more complex canes of 200-horoo- 
‘geneous media, which considerably “stain the white 
radiance” of out original view about sight and the 
ocalisation of jm abjeca Even with the solitary 
observer ia the homogeneous medium we hare passed 
to a new meaning of “place” for visual sensa. The 
‘iret and mest primitive meaning was tbe place of single 
vigual sensum in st own visual field. We have pamed 
beyond this 10 = group of visual éensa, each selected 
out of diferent sensible fields of the same observer, 
‘The menbers of such «group are said 10 be in 
same place, through their correlation with each other 
and with the movements of the observer, The “piace” 
referred to here is clearly not = place in any visual fcid, 
Dat isa place in the enstinuum of poesible positions of 
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the observer's body. And the presence of + visual 
senaum at such a place i not a0 eltimate e 
elation, like its sonsibie presence at a place is 
visual field, On the contrary, we bave just been 
analysing the mesning of Use statement that a visual 
ssmusum if present af a certain place in the movement 
covtinsum, and have found that it means that the 
seasom in question is ove af « set of aensa belonging 
ta suootesive visual fields and connected with each 
‘the observer's movements in the ways 














Deen describing, we will say that they are optiaify 
comprasent with respect to thet ebserver, Each member 
Of the set may be suid to be optally prevent at the 
place in the continuom of possible positions of che 
obnerver’s body which he reaches when the character 
of the net begins to ctange abruptly. Looking at the 
matter ftom the point of view of this place in the mave- 
rment-cantiquum, we cay say that itis optically aconpied 
by sensa of such and such a kind from such and such 
4 direction. When we have 2 nuraber of such sets 
‘which all canverge on a cxsttal volume wherever the 
ohserver may start, we will say that this place is 
‘opacatly filled” with sensa ofa certain kind. We shall 
fee late that a place may be optically occupied without 
being optically filed. We have sven that, as # rule, 
‘whes a place in the movarsent-continuum is apticaly 
Billed, correlated tactua} senaa are present at that place. 
{We have not as yet considered what is meant by 
saying that actual secs are present at « place in the 
movement-ontinsuc, but we will for the moment take 
(his notion for granted. We have also sot as yet ade- 
quately discussed the rotion of place in tbe movement- 
‘continuum. To these points we shall return later.) 
Now, under normal candisons, we can not only 
fiad groups of optcally compres: sense ia the wuc~ 
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cemsive visual felds of single observec. We can also 
find something ofthe same kind im the felds of diferent 
observers, Let us consider what i meant by myiog 
that the senan 2, and, belonging to visual Belds f, and 
Jacl the observers A nnd B respesively, arti the sure 
(lace. We will suppose that A and B have tured thelr 
Sead in such directions dat 1,35 in the mile off, and 
{hin the middle off, hey change places and repeat 
the process, A's new sessum will, aa a rue, resemble 
B's old one am shape, and convermly. Suppose Ut 
‘when they have both taraed their heads #0 a3 0 sense 
fields with these cortelated tensa at their respective 
centres, they start (0 wale, following (her maven. Let 
‘A do thig till he sensea the sensum +2, which 1 dhe 
‘mont distinct of the series. Let im then stop, and let 
B now sar to follow As nowe. B's body will i general 
{get nearer and nearer to A's, and by the time that B 
senaes hur mow disinet menaact 3 they will be nearly 
in contact. {f they now follow wp ther respective 
curses they will erainy ron into each other. If they 
both stretch out their haads they only in general, bot 
sense actual vensa correlated in shape with their visual 
‘um. Thus the notion af « common ceate in the 
tmovementcortinuum, at which x number of visual 
fensa are optally compresent, exended 10 melude 
arias of optically compresent senaa belonging 10 the 
fiekis of diferent obuervers a well a3 t0 those of & 
sogle observer. 

"Now it will be notioed that the place which a group 
of optically compresent senum are sud to occupy 
dedined by bodily movement. I have called the con- 
‘unuum af possible positions of an observer's body “the 
morement-contignum.” think that "place," in the 
physical sense, refers primarily to places in this con- 
tinuum. Before we can deal with the more complicated 
cases of vibual ssa sensed by an observer who is nat 
surrounded by « bomogencous mediam, we MUst get 
dearer about the notion of place in the ravemeat- 
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contimeum. The experiences of tursing one's bead s0 
tmuch and then walking oo fa ina straight line are not 
fn themseives spatal experiences. ‘They re simply 
series of Kinesthetic and moscular senantions, diferent 
stages of which fal ria different specious prezents. 
‘They last for sensibly different times, and tire us t0 
sensibly diferent degrees. How da they come ta lesa 
4 the notion of a continaum of physcal places, which 
Ace common property to all the observers and arc co 
fxivent? We cannot (ally deal with this question dill 
‘we have dealt with the dates and durauons of senea 
And of physical objects; but we can at least say th 
much: "These senes of sccrome kinesthetic senta~ 
tions would not lead to the coven of x continuum of 
contemperary places if were not for their correlation 
with expenences of sight. Ail the fondamental con 
cepts needed for dealing with Space have their ongin, 
and theie only Jveral exempiuScatzon, io the vauth Ald. 
Space 1s though of as a whole of contemporary parts, 
spread out at various distances and in varous directions. 
A whole of this bend is sensed, if Laz right, at each 
moment by sight, and in no other way. Turnings of 
the head are interpreted sn terms of ditwction because 
@) diferent sensa do have different viable durccvons 
the same visual field; and (4) because with every 
turn of the heed ss correlated a change in the senuible 
position of some sénsuen within tbe field of view. Or, 
to put it moce accurately, when we furs out heads a 
field J, with a sensu 5, ata cerain sensible place in it, 
cao be replared by = Seld fy with a similar sensum 5 
‘3 difieront place in it, ag. in the middle. Again, 
1 series of kinmethetic sneaations is isterpreted x the 
traversing of « physical line of « certain length by the 
observer, because the sensible depths of the similar 
ta in the eskddie of the surcrasive 
J, conticnsily dicsinish a3 the vere 
lasts longer. Sight and movercent are hus under 
eciprocal obligations. Were it not for sight, wich itg 
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extended fiekis of mootemporary pasts with different 
sensible depths and un different seacible directions, we 
ahould lack the very concepts needed for interpreting 
the movement-continsum spatially. On the other hand, 
‘were it not for the existence of groups of visual sensa, 
‘corcelated with each other and with movements in the 
‘way described, we should never have reached the notion 
‘of the optical compresence in the same place of visual 
senaa from different fields. 

But, although the Gets about visual seman which 
lead ta the recognition of centres” in which groupe 








in the moremenccontimsva are optically fll or even 
optically occepied at all. The vast majority of them 
Ate not Moreover, some which are optically occupied 
Irom several ditections are yet not centres at which 
correlated tactual sensa ave present. Let me lustrte 
te first point. if I direct my movements by a certain 
series of optically compreventseasa inthe way described, 
‘but stop before I reach the end of the series, have 
reached 2 place in the movemestcortinuum But 
Ihave ot arrived at the place in which the senan of 
seta are optically compresent, and when I stretch 
coat my hazed U may feel nothing at al. And the place 
in the movement-continucm at which ( have stopped 
ray quite well cot be occupied by aay visual sensa 
at any series. What do we ay under such circum 
seances? We say that we have indeed reached 
pbymeal place, for we have walled so fay and in auch 
fod such a direuon. But we add that this place is 
neitber opbcatly nor tctally occupred 
had boon optically or tactually occupi 
‘imost certainly not bave interpreted the muverent- 
coninum spatially, of have arrived at anything 1 
four present conception of the external work, Ax it ia, 
Sarge cumbcr, choogh a mizeriy, of placa in the 
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‘movement-coatinuum are optically occupied: many are 
‘optically filled; and mos of these are also cectres for 
‘sound and heat, and ace also actually occupied. This 
fart gives us the contrast tmcween the filled and the 
‘empty parts of the morement-contiquum, and helps us 
to conceive it an a Space dotied about with physical 

‘boundaries, 





the physicist would say, we are surrounded by a non- 
‘uoeogeneous sedi. Our peeseat task, however, 5 
10 describe as accurately ax pomuble the actual farts 
shout our visual setan, and not to offer causal explana 
‘ons of ther in terms oftheir correlations with physical 
events, To begin with a very simple case, let us 
‘nuppom that (am looking at the image of x luminous 
point in m plane mirror. { can, as before, turn my 
head io such w way that 1 sente'a visual Geld / with 
A sensu 4 in the middle of 1, ximilar to the sensuen 
4 that originally atracied my sttention. Having done 
this, 1 can, as before, follow my nove, Up to 4 point 
my experiences will be exactly like those which we 
‘nave already desesibed. There wil be the same hand 
of series of sensa %, » =. « « 2a qualitatively much alike, 
cach in the middie of us Feld, of seathly decreasmg 
YYinual depth, and s0 on. But xi a certain stage in the 
seciesU shall suddenly sense certain tactual senss, quite 
uncorrelated with the visual sensa of tbe series (2, f 
shall" bump tata the muror"). This os llustated by 
‘the figure below : 

















If 1, of anyone else, were to stare from B instead 
‘of from A, the same sort of experiences would be 
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enjoyed. This, bowever, is by no means all. A and 
B might both have experiences of this kind if they 
‘were both Yooking direely at some source of light 
{through a thin abect of transparent gla The differ 
cence isthe folowing: In the former case, i€ Ao B 
break throsgh or get round the miror and Uy 1 
cootinue their course, there will be cotking in hei 
visual Gelds corresponding co the visual sense shat led 
them up to the mirror. (That i> to say, their visual 
experiences, as they move slong the doved part of the 
line Alor Bf, are quite dierent (am these which they 
had when they traversed the undoted para of thee 
Uines) "If there were merely x thin sheet of transparent 
fas at M, and A and B were viewing through it a 
Source of light at 1, che series of visual sense woudl 
0 on steadily after they bad broken through oF got 
‘ound the obstacle. 

‘The next point tw nowar is that the courses of Ay 
B,C, ee., who sart from the sazse side of the miror, 
really do converge om « common place inthe movement- 
continuum If they pursued them through the microe 
forthe glass they really would meet at I. The diference 
inthe two eases would be this: If they were looking 
at something divecdy throvgls x thin piece of glass, the 
series of visual sens ofeach of them would end at abort 
the time when thetr bodies czme in contact with each 
other, and correlated actual sensa could be sensed by 
tach if he stretches his band forward. If they are lok 
ing at a ouerormage the seres of visual seman which 
leads thers up 10 the mircor not only cxases abruptly a 
soon as they get through or past it they azo fnd 
tha, when they mect they cither sense no tetual sensa 

par Oey ee caf pees sue coro 

‘Se visual semen thet originally guided them on 
(heir respective ways. If they want tp sense correlated 
actual sense, they will have to go to quite a different 
place 1 the movement-continuum, and one that ib not 
on theis course of movement at all, viz, the place O 
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in the figure. Now this place O, which is on A’s and 
Bis aide of the mirror, is also a place in which visual 
senga, much like those thar guided A end B up co the 
mirror, are optically compresent. But, as we have 
cemarked, it is in quile a different direction from chose 
followed by A and B; and people who walked up to 
Ht would sease tactual sensa cocrelated with the visual 
‘ensa that led them to it, and therefore also correlated 
‘with the visual sensa that led A and B axey from st 
towards [. 

‘There is one further point to votice about 1 as 
compared with O. Not only are dere no tactual 
sugnga at 1 correlated with the vigual sense that guide 
observers fram the other side of the mirror on their 
paths towards 1; there is also a purely optical 
peculiarity about L. The place © is optically due 
‘with visual sense of the kond in question. That is, 
any observer, no matter m what direction he may 

pprOsch O, will sooner oF later begin to sense a series 
(of vigual senas of this fund, which are optieally com= 
present at O. This is far from being trve of 1. Lis 
nok a centre which is occupied by visual senss of the 
‘in question foc aif observers, or even for tbe latter 
parts of the course of tay observer. People at the back 
Of the mirror, who look dicectly at the place 1, either 











resemblance to those which A and B sense on the earlier 
part of their courses. Again, A and B, during the latter 


part of their courses, sense no such sensa as they 
‘when they were om the reflecting side of the mirror. We 
smuisk say, then, that ! fs exuperd by the sort of sense that 
consticute the mirror-image, from certain places, but 
‘by 10 means from all; whilst st may be filed with 
visual senaz of quite a diferent kicd. On’ the other 
hand, O in not merely occupied, but i filed, with such 
viual semsa as constitute the mirror-image. (For the 
moment I zeglect the iaverswn uf the image, which of 
‘course makes a characteristic difference betweea the 
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ones tat fil O and the otherwise sinslae seasa that 
‘pealy occupy T from places on the relecting side of 
Sominoe) 

‘We may sum up the peculiarities of mirrorimagea 
‘with teapot to place as fllows: (2) The uatal coreae 
tion beewees: vival and’ tacteal sense Drenks down, 
Usually, whan visual seaas are optically compreven 
st certain place, correlated tarsal naa Gan be amd 
Dyan observer who walks op toibat place, Il bowaver, 
you want To sense tactal wensn correlated with tha 

inna) gen that constitute » mirroriomage, you must 
Be to quite «dierent place Grom that at which thew 
Finalsenaa aeopiallycompresent. Thies of cour, 
feing, because wruvuel; bet there is v0 theoretical 
Siicuty in the fact that coors of semua, which aro 
gtoerally compresent, should sometimes not be so. 
People wtom we mest are geceraly compres ot with 
‘eit tonscry, but this cule ile to beak dows in 
seitmming-taths. (i) The optical places of miror- 
mages ate ncver optically fled with the 30550 that 
conatitue the image, but aie ooly occupied by auch 
‘rom trom ceria directions and from she remoter 
places on these directions. Ox te other hand, they 
tmay be a the mme thee optically Sled with veal 
fenta that are not fa the lent ike the axe irae, 

‘ove ctvelsed with tact onan which cn ‘be 
scnaed by people who wale to thee places. 

‘We can now ask: What is it precisely that the 
favs of geometrical optics til vs shout rscror-ages? 
The antwer ix simple. They tel us where souroes 
srould kare to be placed, ard what tangible shapes 
they would nced to bare, fa order that an observer 
‘who aands in a given ponitico shall continue to sense 
‘heaaine visual sonaum when Se beerogeneous medium, 
‘vit which Ie isin fact xorroucded, replace by ai 
If we ike to uae the convenient innguage of the general 
Theory of Relativity, we cam sey toa the iatrocion 
of soltable sources in sufable places ia bomo- 
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geneous medium will always “transform asray” (é 
be equivalent to) the efects of any beterogencous 
medium for asy exe visual sensuss Of uny one ObS==Ver 
in any out position. [2 favourable cases the tens 
ferasation may apply to maay sease of many observers 
‘But 20 arrangement of sources In 
‘a bomogeneous medism will be equivalent to the 
tiets of a beterogencoss medium for ad! observers 
{in all postians. For instance, if we remove the mirror 
1M and put « lsmizous point of the eight colour at I, 
‘A's and B's visual sense will be wocbanged ot very 
iderent seam will now be introduced into the Geld 
of obscrvecs at the back of the mirror. The laws of 
(geometrical optics ace theo simply the rules according 
to which we can calculate the tactua! sbopes and the 
positons of such hypothetical sources as would trans- 
form away the ellecs of @ heterogeneous medium for 
44 given sentum of 1 given observer in a given place 
in the movement-costinsue. 

(9 The Relation of Opticat Ooapotien.—1 tink that 
we are now in « portion to go a map further sn our 
‘tnalysia of the optical places of visual vena. We 
notice that three types of came oan arise, ranging from 
‘he completely normal, through the euidly abnormal, 
to the wildly abnormal. (5) There is the cate of seeing 
things by direct vision in a tomogeseous mediums 
Here all observers in all direction (provided they be 
not too far of) cas seose very similar sense, and can 
bring them into the middles of their respecive fits 
of view: and the paths of all these observers converge 
to acommon place 1a the movementcontinuus, at which 
all the sensa of all these series are epsiaity compresent. 
‘The proviso that the observers are not to be too far off 
in added in onder to ailaw for the posble incerposition 
of opaque obstacten betes the place where the observer 
{sand the centre of optical compresence. If luminous. 
point be inside a room, it is true thatthe place where if 
is said to be is opticaly occupied by sensa of similar 
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quay from all diet tis not trve, however, chat 
{tie occupied by wach sensn from a! plaes on 409 O76 
Of these diectoun Tt fv mot a0 oocspied fom plnors 
thet are ovtsde the room. What we can my is that 
there is some finite data 1, euch that the plaoe in 
{quenon is optically eccapied by suck sense from alk 
flocs wha phere of tedins 7 drew wih the place 
Teens ‘The figure below Uarace thi 
: "The dated pas of the 
the positions trom? 
+ opiaily occupied by wena ofthe 
SSrewith which it isoptaly Sted. 
‘Gi In the case of sexing 
7 imicrocimage there Is a cerain 
place behind the mirror which (2) is occupied by 
Similar vimal senaa (com many, st noe from al, 
directions which converge on the point. (6) lt is only, 
‘oocapied by vinual sen of his Kia (oom certain places 
fn any one of these directions, and 0 meres of uch 
ler extends up to the place where the vonge in mid 
Tote. On the coateary, thee ming ways ca abroptly 
‘ts Gwe dace Grom the place. (The place of Oe 
mirrorimage may, though it need not, be also a place 
Sf complet optical compresence from all diretons. 
‘But, if s0, the sensa with which it is optically filled 
wl be quite untike thom wich pocally occupy it 
from places on the refecting. sie of the micror. In 
the figure below, M've amr, 8 an opagoe dbacle 
tnt I the ploce ef aierariaagn, “The Al hick part 
(fa lina eepementa the placa it fom whack Tis 
optically ccvupled hy hn sean which conatiice the 
tirrorimage. The fll hin part representa the ples 
fon whieh ft opsinlly ecsapiad by nan ofthe vrt 
swith which i is openly filed. The dota pers 
(presaet plan foam which it ws cxxupied by acter 
Peoria 
(ii) Lealy, with distorted mirors or other kinds of 
snore hescrogeacous media, any observer may find that 
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hhe has contisually to turn his bead at exch step, if he 
wants to sense a series of visual fields wich at all similar 
sensa at their centres. In ach cases the observers will 








‘algo generally Gnd that their sense are affected with 
demible movement as they turn thei heads. 

"We thus have & series of cases, ranging fram the 
complete tamencss of ()) (0 the extreme wikineas of (i 
Now it seems to me that the psychological asd the 
logical order are here oppaste to each other. Psycho. 
logically our concept of Space, and of the places of 
things in its Bulle on (i), ft of the commonest and 
oat practically imporast cases. Tf chese had been less 
foramon and less practically important, it 26 doubtful 
‘whether we sbould bare reached anything Wee out 
present view of the extemal world. But, logically 
‘considered, wt is the wild cams of type (ii), that are of 
fundamental imporance. It seems prety clear that the 
normal cases can only atise when certain special sumphi- 
fying conditions ure fulflied, vie, those which we sum 
xp by saying that the medium is homogeneous. These 
‘Special condiuons mask the real complexity of the 
relations is ‘whereas the wilder cases cxb 
hese relations in ther most general form. There is 
some ope that, if we treat the wild cases a5 funda- 
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mental, we may be able to deal with the normal ones 
a specially simplified iostances of = more genczal 
relation: a3: a aciccle may be regarded as a specially 
implied case Of an ellipse. But these is very lice 
hope that, if we tae the relations involved in the noresal 
cazen as fundamental, we shall be able to interpret the 
abnormal caves im terms of them. And, as Critical 
Philosophers it: our business to try to deal sith ad 
the facts, and not to bush up the existence of abnormat 
sensa, as though they were the peccadillos of a Cabinet 
Minister. 

‘We can now say something aboxt the logical 
charucterstics of the relation of apical acupation. (3) 
Ie is a relatioo between a visual sensum on the one 
hand and a place in the movementontinuum on the 
‘other, (2) [eis x maay-one relation. This means that 
fa given sensuma + can only occupy optically one place 
in the movenvent-continuwm, dut one place in. the 
‘movement-continuam can be optically occupied at 
the same time by many sens. (3) 1 flak we must 
‘also hold that the relabon of optical occupation is 
iveducibly triadic. This means that say complete 
statement, which asserts this relation to hold, involves 
shreevecms, viz. the sensu, the place that it optically 
ceeupies, and a third term. My reason for saying this 
1s the following: The statement that the place f is 
optically occupied by the sensum s seems to be incom. 
plete, the full statement would seem to be that p is 
‘optically occupied by # from g, where ¢ is the place in 
he movement-cnatinsum occupied by’ the observer's 
body. We soe this mare clealy if we stale exactly 
‘what we mean when we say that optically occupies #. 
2 will be a sensum which is sensibly present in a certain 
userver’s visual field at dhe ime. This observer wil, 
in fact, be In 4 certain place ¢. To define the direction 
of 2, the place optically coxpied by % we have to 
-ruppose that the observer forns tll he sonses a vimual 
field with a senguez 2, slslar to 2, in its cent. The 
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imetion of f ia thea the dicecsion in which he would 
{partto walk if he followed bis none. The distance of @ 
ia determined by the seasibie depth of in the obsecves's 

ial Held. is the distance that he swuld have 20 
‘walk to reach « source iff fact, the medium were homo 
‘Reotous and £ were due to the transmission of light 
‘icetly (fom thia source to his eye. It seems therefore 
thatthe fall meaning of the sateenc that + is optically 
sent at» cannot be enderstood without reference 19 
‘ha place ¢ socupied by the observer in whose vissal field 
‘intenaibly present If ac the relation f optical occupa 
‘ions wai and the miniaiuss complete statement is 
that s occupies p fom ¢. 

(OF conese, in a great many cases, i whe observer 
vwere to walk to « place 9, thus determined, he would 
not find any ceatre of discontizsity there which could 
be taken as the sostos of is original senzum And, in 
stany cases, he would nor find that a series of sens le 
4 were sessitly presest in the middle of his success 
‘visual Gels aa be moved in dhe fine fram g 10 9. Thisy 
TRoweres, does not prove that our definition of optical 
‘ccupation is wrong, {t merely shows thatthe tat that 
a ensure < occupies p pce from 9 isco guaranize that 
2 ie phycwalty occupied by aeything closely connected 
‘with x ‘This we already knew from our experiences 
with mirrors and other types af non-homogencous 
medusa. 

‘Wo must not be frightened of tind relations, for 
there ure plenty of other examples of them in daily ite. 
‘The elation of gimag a an example, nce it essentially 
involves a giver, «git, and. recipient. The misimum 
ineligible statement which nssers the ration of ein 
‘sof the form" gives y to 2." [cia tue that we some- 
floes use apparendiy simpler phrases Like Smith gives 
tthe Additional Curses’ Fond"; but these are clearly 
clliptical, and, when fully staind, appear in the form 
“Smith gives something to the Additions Cures 
Fund.” Of cone, whevever x, 7, and ¢ mand i's 
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triadic relation, this imaier comin dyadic relations 
betwen them by peices bue the assertion of the triadic 
reladon i not snalysabe ince the conjoint amertion of 
{hee dyadic relations. The later are derived fom the 
Gormery and te frac is net ult up out ofthe lanes. 
CGoctrent the reaton of uncle” wich thf of * iv 
Both moive duce terms. For to say that + isuncle of 
zinnans that» is brother of sie third person y, who i 
parent of Tha docs not make the avoncular 
‘tion triad for iis completely analymbie int the 
Conjoint aeverion of these, two éYedie relation, and 
they are not meriy derived from it 

‘Now ‘we are very liable w ignore the fit that 
tnintion in polyadic and to treat it a8 dyadic. Thi 
happens if wo af the terme mally ieren us and the 
feat ace unintereaing or generally conmant, When 
this condition ceases to be fulfilled we are liable to find 
fagparent contradictions, which can only be avoided by 
recognising the polzadicty of the mnion. When we 
bay Oat As to te right of B, wn oem ignore the ft 
thac we are relly axecriog w trade relation between 
‘A,B, and ovr own hands. Eventually we meet rome- 
fone ay sane na cuctelves, who Insts Dat A ist te 
fet of B. Ths w a contradiction, ust we 
acroune the neglected third ter, which Ix éierrat in 
the two cae, and sce that bord parties may be sight 
‘hen thee fall meanings are made explicit. 

Te we scoept the view that the reation of optical 
cceapation between vara! secaa and pices in the mover 
tment continues is wind, there is no dial in the 
‘ex that a place may be xt once optically flied with 

‘Eid and optically occupied ‘rom 
many places with sense of quite a diferent king, which 

ith the pric! Sing ofthis pace. 
Pir optically fled wich seman of the kind if there 8 
closed surface in the movementcorsinuum such that it 
fonmaias By and sock thet P is optically cocupied by 
‘sense of tbe kind 4 from all places between the outside 
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of P and the inside of this surface. This is quite com- 
Daule mh the ct that there are over places fo 1Be 
‘Bovement-continuum from which P is not occupied by 
seman at all, is also quite compatible with P being 
optically occupied Gom many other places with senza 
ot a diferent Kind 2. This x what happena in the case 
of mirroriages. With « plane mirror the situations 
4s follows: There isa set of places from exch of which 
2 seasum of the kind ¥ is optically present at P. 
‘These places are oa lines of approach which converge 
on P. "But (1) all the lines on which such places are 
situated are confined wakin « certain sohd angie with P 
a vertex; and (8) even for lines within hie region the 
senes of places from which gensa of the Land 2” are 
‘optically present at P does not reach P, but stops sbort 
tu Bini disanos from it 

"The question migbt now perhaps be raised: *tsit 
naugh fo suppose that the relation between a visual 
Seosum ard a place which it ecupies in the movement- 
sontinuum is triadic?” Ought we not, in the-case of 
the mirrorsmage, for instance, 1 brig 18 the positions 
of the soures and the miror as well ag that of the 
olyereer, and thus make the relation atleast pentadic? 
‘This ss plaunble querion, but I think that it rests o 
stconfosion. Undoubradiy, if we want to predic in what 
place a sensum of a certain kind will be optically present 
from the place of a certain observer we need ( know 
the postigns of the sourer asd the minor. Buc these 
are not involved in the meaning of the statewent that 
such and such a sensum is optically present in uch and 
fuch a place. We saw that 4 reference to the place 
Of the observer #7 am esteatal part of the meaning 
of this statement. Dut the parts played by the source 
and the mittor are merely exsval nd not comsteutve 
‘This is clear from the fact that we have been able 
ave a satisfactory deGnition of optical vocupation why 
(out mentioning the positions of the source oF the mirror. 
The way in which these do become relevant is the 
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following : The positions of tbe source asd of tbe mirror 
da determine causal, according to the physical laws 
of light, the seasible plnce of the seasum ¢ in o' visual 
Geld. And the place # in the movementcontinvum, 
‘which is optoally occupied by 1 fom where the observer 
i, depends (by defintion) on the seaxible place of in o's 
vinual eld. But itis ore thing to say thet the positions 
of the source and the mirror are factors which anally 
determine the natoce of tbe sensu optically 
occupies « particulae place 4 from anotber place ¢, and 
‘quite another thing 10 say tbat the positions of source 
And micrar have to be stated. before the proposition that 
4 optically occupies» from ¢ can be undersond. If the 
latter were true, the relation between = seasum and itt 
Optical place world beat least pectadie, forthe minizewm 
‘ntaligible statement about optica! occupation would be 
of the form ‘s optieally occupies # from g with respect 
to the mediues w and the source ¢.” Hut this does aot 
seer to be true, and therefore 1 see no reason at present 
to liold that the relation of optical cecupation is more 
thas wiadic. 

td) Phynial Ploct-—Having dealt with Bre puzzling, 
bat aost umicating, case of abnorma) optical occupa 
tioa, we can now trent the pinces of physical objects. 
Before the notion af physical place can be proGtably 
discussed, we aust form a clearer sden of what we cvean 
bby « physical abject. For a physical place is the sort 
of place that can be occupied by « physical object. So 
far we have simply contrasted physical objects with the 
seca which are Uteir appearances. But it may well be 
that physical object,” in this seus, i 2 somewhat looae 
term, and covers several different kinds of eatty. We 
must even be prepared for the possibility that what 
common-sense calls a physical object may be really & 
susiber of correlated objects of fundamentally difaront 
nds, 

‘That this ig 20 wi! be plc, 1 think, if we compare 
the following four entities: = panicular visual appear. 
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ance of a certain penay; an image of the penay in a 
plane mirror; what comon-sense understands by the 
peauy ; and the atoms, electrons, eic., which science 
ameris to be the ultimate physical conniwents of the 
penay, ‘The Grst_no ose would thick of calling a 
physical object. The second would not indeed be 
Called a physical object: but it is much more than a 
muere sensum. It can be “sees” by a aumber of 
iflereat observers fcom diferent places in exactly the 
saume sense in which the peany itself exe be seen, And 
ithag 4 certain persisteoce and independence. It is, 
fact, a group of closely correlated visual senm, and a 
certain place ia the movemestcontinuum is optically 
‘occupied by members of this group from a great many 
places, although Its not filed by them, We refuve to 
‘all it « physical object, Because of the lack of complete 
‘optical fling and because of the absence of correlated 
(actual senma when we come to the place which Is opti- 
cally oceupisd by sensa of auch a group. 1 will call 
‘50C0 a thing un x mirroriomgen Parhal Optra! Obest — 
optical, because it consists wholly of visual sensa; 
atin, Deomuse it docs not optically Gl the place which 
it optically oceupi 

‘Now what common-sense understands by a physica! 
object, auch an a penny, is something sore than tis 

two ways atleast. (I) IC involves @ Comnlse Optical 
Objet for the place where ibe peany is suid to be ix 
‘Optcaly filled with correlated brown elliptical and cound 
scnaa. (5) It involves something more, which is nat 
‘optical at all. The piace in the movementcontinuum 
which is marked out for us by being Giled with the 
complete optical object very aften resists our eSorts ta 
rove into it is often a centre fot sound and radiant. 
heat sonaa. And, as a rule, we sense tactual sensn of 
sharacteristic shape and of some temperature of other 
‘when we come to this place. I: is very excepdonal foe 
condition {:) to be faftled without condition (2); though 
T suppose we may say that condition (2) is evanescent 
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we the case of clouds and wisps of coloured vapous: 
Lt us call she penny, as common-sense understands 
it a Pecotea! Obes. Now the important thing 1 
notice is that a perceptea! bjec is really not one single 
Ihomogencous objec, present in a place 1a the movement= 
sontimuuer im one single sease Of “presence.” is 
2 mumber of mterconsened objects of dierect type, 
and the dierent kinds of object included sn itare presest 
tn diferent senses in dhe place where the perceptual 
object said to be. I will cll the various correlated 
‘Objects which together construte x perceptual object 
cournnuents of the perceptual object. fe woald be mise 
trading t9 oul them ports of 11, breause this would 
suggest that they tnerally & cogether to fil up the 
place im which the perceptual object ssa to be. This 
Could not be true, Because they are of eadically dient 
fends, and are in tis place a radically diferent senses. 
Take, for example, the perceptual objet which (s what 
somman-sease means by « penvy. One eonsttvent of 
this complete opeval object. This consists of visual 
sens. Each of these is iteraliy present only ata plane 
ins own visual Said. The optical objec ix only 
prawent at the place un the movement continuum ia the 
ease that this place is vptically lled by the visual 
Senta which togesher rake up the complete optical 
object.” Anuiher constiueat of the perecptual penny 
Ina group of uctual sens. Each of these ss literally 
preseat only i ig own tactual sense Geld, The whole 
‘toup i present at the place where the penny in sad 
to be, in some Pickwicktan sense which ‘we have not 
yet defnad, but which, om the sature of the case, 
annor be identifed either with sensible prmence or 
‘with optical presence. It is because the percep 
object i not une homogentous thing, Dut a complex 
of correlated constitcent obyeces of various (7pex, Dat 
tiene finds ft necessary to pass beyond the pereephual 
‘objects of common-sense. This Goes not mean, a5 me ae 
Eabieto think, thatthelaterare “unreal.” [toaly means 
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that they are unsuitable uales for scientific purposes, 
though admirably convenient units for the purposes of 
everyday Ile. This leads ux to the last meaning of 
‘st phyaical abject” wiz, what Whitehead calle Seiwa 
Objacs. (Thoogh {use this convenient expression of 
‘Whitehea's, and mean it to apply to much the same 
things mz be applies ut to, i¢ does not necessarily follow 
that he would agree with the account that I am going 
to give ofthe canes? of such objects.) 

‘Sclenoe tells us that a pecay 
numbers of colourless particles, mov 












‘and common-sense to mean that the 
colourless particles ace parts of the perceptible brown 
peony in the same literal sense in which a visual 
appearance of the King’s head ww a part of the visoal 
appearance of the penny. [t would be dificult to 
wecept this interpretation, even on a naively realistic 
‘ew of pennies and our perception of them. [tis not 
easy to believe that the brown continuous surtace of the 
peony, which, on that view, we sense, oan htemlly be 
‘composed of colourless panicles. Anybow, this simple- 
minded rsterpretatios ofthe sceatific statement becomes 
‘impossible when we remember that the perceptual 
Denny 18 not one homogescous object, but is @ complex 
of connected constituent objects of diSerest types, 
‘which all occupy a place ia the movement-contimuura 











could be a pact of aif the conituents of a perceptual 
‘object in any oe sense of the word '‘par,” whethee 
literal or Pickwickian. If it be Ueerally part af one of 





can only be & part af the others in as 
rent Pickwickian senses as there are diferent 
types of constituent, Moreover, some at least of the 
cconatisuents ace such that nothing could Averally be = 
part of them. One coostituent, eg, of = perocptual 
object is a complete optical object Nothing could 
claim to bea litera! part of this except ane of the viseal 
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appeacances of woe perceptual object. And eves these 
‘are not Fterally gevts of the complete optical object. A. 
sual appearance of a penay is = *'part” ofthe complete 
optical object only inthe sense that the later is a group 
of optically comapeesent seuss of which chi 
gona mender, But the various mambers do aot licerally 
fic cagecher to make up a surface, and therefore they 
are nut erally parts af tae complete optical object 

‘We can now retura to the statement that perceptual 
objects, ike penaies, aze “composed ol” scienutic 
‘objects, ke electcons. From what we bave just said, 
‘this cannot meaa more thaa thatthe scleatific objects are 
teally pacts of one of the constituents of « perceptual 
object. Itis farther quite clear that they are nat literally 
arts, oF even members, of the gppian conatituent of the 
Perceptual object. Thin, 1 take it, 18 why there in na 
objection to the view that a brown penny is composed 
of colourless electrons. Toe brownsess belongs to the 
‘optical consiituent; and the electross are not literally 
parts of thia, but at most of some other constiwest of 
the perceptual object. 

Now 1 think that by a scientific object we mean 
something that /terady cccupies a place in the move- 
mentcontizuum, And by this { mean that it occupies 
it in the same indeGnable way in which « senaum 
occupies its sensible place in its own Seld, If chs be 
ght, the relation between the place of the perceptual 
‘object und its component scientific objects may be stated. 
a follows: The perceptual object marks out « cerain 
region in the movementcoctiquum by the presence in 
this region of its various constituents, These con 
‘stiruants are al present ia this place in diferent ways, 
and these ways arr all deSnable und Picksickian, We 
hhave attempted 10 define the way in which the optical 
constituent is present, because this is the moat difficult 

id Important case. Sclonce conceives that the regions 























ally occupied thy certain objects which have an important 


POSITIONS AND SHAPES OF SENSA 333 


‘causal bearing on che nature of-the ones which occupy 
sock regions in theic various Pickwickian ways. These 
supposed objects, defined a3 the irra! occupants of 
places in the Tovemest-continuum, are what we mica” 
by sclentffe objects. And # perceptual object i com 
ored of certain scientific objects, in the sense that the 
later tera occupy that region of the movement. 
‘continuum which the conatiquemts of the former occupy 
fi Prcswchion tenet 

(©) Sumovary of Condasrons abmat Place. There is one 
nd only one itera! sease of * bein 
fs not definable, bot it is exemplified 
experience moat clearly in Uae presence of & vinual 
epsom at & certain sensible place in its viewal fel 
‘The concept of being in a place is based on our sensible 
Acquaintance with such instanom as thin. It ean then 
be applied in thought to types of object and of con- 
inuum which we cannot sense as simultaneous wholes. 
‘Again, there is one and only one Kind of place which 
‘we deal with when ooce we leave indindual sens and 
their fields and pass to physical objects in the widest 
sense of the term. This is m place in the continuum 
‘of ponalble positions of our bediea us we move, This 
continuum is not sensed as a simultancous whole but 
four succestive experiences of motion are synthesised 
‘under the concept of a spatial whole through analogy 
with visual fields which we cas sense simultancously. 
Now, although there is only one literal sease of berg 

a place; and although Sy “place we always mean 
‘place in the movemest-comtinuum, spatially con 
ccived," sa soan as we leave the individual sense-Beld ; 
sill there are zany derivative, definable, and Pick 
‘wickian senses of “being ia a place." Whenever we 
{all of any sensum occupying a place in the movement 
continaum, weare using termina Pickwickian manner, 
tand are bound to defice thec:. And for different Finds 
of sansa diflecent Pickwiekian kinds of cocupation will 
have to be defined. 
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Now there are certain correlations between the senex 
of successive fields sensed by the same obscrver, between 
contemporary sensa of dificrent observers, and. between 
tenes of difirent kinds, which constantly ocrur in rea! 
life, and make these definitions possible and useful, 
‘But we ave lable 19 overlook cases where these correla: 
tions break down in whole or is part. and thus ta 
produce ax illusory simplification This mistake 

Avoided by considering such facts as mitror-images. 
‘We found that the perceptual obyecis of everyday life 
are not homogeneous, but are really composed of a 
number of correlated constituent objects, all occupying, 
in various Pickwickian senses, the same region of the 
movement-contizuum. A mirrorimage bears a close 
resemblance to the complete optical object which is one 
of the constituents of an urdivary perocptual object. It 
differs from a perceptual object im three ways: (1) It 
in nat a complete optica! object. but only a partial one. 
{2) Tre place which it optically occupies is not also 
ocupied by correlated tactual and other types of obyect. 
a) There is good reason to think that the place of 

Peroeptual object is teally occupied by certain scentic 
objects which are intimately eon ected eassally withthe 
sensa which occupy this place fa Pickwickian ways. In 
the caze of x mirror-smage, the place which ‘s optically 
occupied by the sense whieh mako up the image may 
(of may not alsa be iterally occupied! by aciensBc objects 
Bit, on ether alternative, the narore of the gensa {a ust 
‘usally detarmined by the scientiSe objects which occupy 

‘her pace, and 1 cammaly dewarmized by the senate 
‘objects which ocmupy ooraain other places, vit the pieces 
‘there the source and the mirtor are pereeptuslly present. 
Fizaily, just as a plaon in the movement-continuim may 
bbe optically occupied without containing any relevant 
scientific objects, 20 there may be many places in the 
movement-continuum which ooctia {mportant sceotific 
‘njecta without being echeropticallyortactus!ly oocupied. 
1f there had bees so perceptual objects, arf the relevant 
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sciontiSe objects had not a3 2 rule cooupied the region 
marked out for us by the perceptua objects to which 
they are most relevant, we should hardly have reached. 
‘the notion of scientific objects at all. But, once having, 
reached this notion from refecting on perceptual objects, 
‘there ia na reason why we should not apply it tn regions 
‘hich are not occupied by perceptuat objects at alt, 
Nevertheless, this is a late development of human 
thought, which has happened well widhin historical 
‘ones, whereas the recognition of perceptual objects is, 
af cours, prehistone and almost certainly prefuman. 

















‘Tha Goneapt of Bdape.—tc remains to consider w 
fa meant by “*shape," and what is the exact cash value 
‘of common statements about shape, such as “This 
penny is round." The notion of shape 1 one of the 
many points where the traditional separation between 
‘Space and Time wears very thin. This 19 readily seen 
if we ask: What is the shape of x clovd of coloured 
vapour?” As the wutlines of a cloud are continually 
shifiing, there ia nothing that can sincily be called she 
shape of it. We can, however, divide up the history 
of the cloud inta shorter and shorter succetsive sections, 
land talk of the shape of each of these. Shape only 
becomes a perfectly definite cancept when st refers 10 
1a momentary extended object it can therelore only be 
defined stnctly by the use of Extensive Abstraction. 
It fe true, however, that there are many objects, 
‘such as penmies, for which the shapes of successive 
momentary sections are practically sdeatical ever = 
Toag shor of history. In such caves we can tall of 
the shape of the object. We can say that a penny has 
a definite shape, and that this is circular, We bave 
naw to consider the precise meaning of such statements. 

(a) Seussbie Shope —Just as there & one and only 
one non-Pickwickian sease of being in 2 pluce, 99 there 
ig oaly one literal sense of having a chape. We emsot 
define ‘"shape” in icg Kteral sess, any more than we 
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can define “being in x place” in its literal sense. 
But we can and do become acquainted with concrete 
instances of shape in out senseieds, The Ineral 
meaning of shape ia best Tlustrated by a visual sensum 
which persists unchanged throughout the whole of 
the shor duration of single sensed. Tt will be 
remembered that, ia the present chapter, we are making 
the simplifyimg assumption that sense-felds and the 
sensa which they contain are literally momentary, 
‘This assumption will be corrected in the next chepter. 
Bit in the meamebile we may sy that Sexrble Shape 
1s the sort of shape possessed by visual and ather 
‘senaa, and that this is the fundamental meaning of 
sbape, 

@) Option! Shope —We elk of x number of different 
observers ‘sexing the same object from different places” 
We have already discussed the cash value of thie stale 
erent with guficrent accuracy for the purpose of defining 
‘optical occupation. For the present purpose we must 
go 8 Inte further and draw x dutinction which we 
have hitherto ignored for the aake of sumpheity. When 
several people are maid to "see the same object,” this 
sometimes means that they all ‘see the same part of 
the object,” and ic sometimes means that they "see 
ifferont parts af the same object” Moreover, when 
they are seeing different parts of the sume object, i 
‘would be held that sometimes the parts winch they 
ee are entirely sepacate, and that sometimes they 
partally overlap each other. The following examples 
will iuscate these distmesions: (1) If @ penny be 
laid on the table and @ number of people sund round, 
and fook at 1, we should sty thar they all “see the 
whole of the upper sucface of the penny.” (a) If I 
fam in my rooms with the door sbut, und I look at 
the door fom inside the room whist you Toole at it 
from outside in the pansage, we should be sud 0 
‘geeing wholly separate parts of the same object." 
(a) If a cricker-tall be put an the unble and « sumber 
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of people stund round and look at it, we should say 
that they all “see partially different parts of iy, but 
that the paris aven by adjacent observers partially over 
lap.” It ia quite evident that these three different 
pes of statement express three genuinely diferent 
situations, all of which often arise ia real bfe. On the 
uve view, that we literally sense parts of the surfaces 
Of physical objects when we look at them, the meamnga 
Of uch statements are tolerably obvious. But we have 
Jong ago deserted that view: and indeed one of the 
reasons which made us do 80 was the differences in 
tenaible shape of the sensa of various observers who 
wore all ecemng the whole of the upper sucfuor of & 
Panny.” Tris therefore necessary for us to define Pick- 
wwickian senses in which suck statements are true. 

‘A and B aay be said w see the same past of a 
perceptual abject whes the visual sensa s, and ss, which 
are the uppearancea of this object (o Aand Brespeeturely, 
ace optically present in precisely the same region of the 
movemencontinusm. It might be said? How is 
this possible, when s, may be curcalar and 5, elliptical; 
fr, again, both may be cirealar, but 4, much bigger 
than 4?” Thi objection rests oa a confusion between 
‘optical and titeral occupation. These ix nothing 
Achaition f eptea! secepabon to prevent procacly the 
same reguon of the movement-continuum being optically 
ccupied fram different places with sensi of various 



































senmble shapes and sizes. What would be impossible 
i that either (a) the same place in a sense-feld should 





size or (8) that the same region of the movementcon- 

uum should be physically oocapied by scientific 
Sojecta of dffereat shape ar sie. It ig naw easy to deal 
‘with the other two cases. We see wholly diferent parts 
of a perceptual object ifthe visual seusa, which are the 
‘appearances of this object to us, are opucally present in 
‘holly separate regions of the movementconunuum. 
Lastly, A and B see partially oveclappiog pars of = 
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ptrocpena object if {x} the sensa +, and s, are optically 
present in different regions ofthe maovement-continua 
{these regions partly overlap ; and (9 the overlapping 
pat is optically coexpied by » part of 2, and by & 
part of r= What we matt cently understand is that 
Tierally it iz nonsense to suggest that the various 
senaa which constitute a complete optical object the 
selves overlap and together make up cmgle surface. 
‘hardly worth while to tks great trouble 
optical shape of «perceptual object. Thi 
‘would involve defining some Pickmccan serge in whic 
‘we could alk of vd shape of tre complete optical abject 
hich ix a constituent of the given pereeptual object. 
Now common-sense would admit that a0 one can Bterally 
sea the whole of ay pereeptaal object from any one 
ponition. And it would adsit thatthe visual shape and 
sine of any part depend on the position of the observer. 
Infact we only use visual shape and size as indications 
(trustworthy enough under sormal conditions if suite 
Aly corrected) of the shape of the perocptual obyect 
‘And by the shape oF the pereeprsal object common 
sense understands its fle shape. It Is possible, 
perhaps useful, to define the optical shape and size of 
rt ofa perceptval object from & given direction. This 
might be done as tilows: If we look atthe plase where 
a perceptual object ia, bring the visual appearance of 
the abject into the middle of ous visual feld, and then 
follow our noses, we do sense x series of visual feds, e4zh 
containing an rppearance of che abject. These senaa, 
sar we have already seen, do morense to x maximum 
of si and brightness ax we xpprosch the place whic 
they optically cccupy. We might. pcthaps, cake the 
size and shape of the largest and clearest tensum of 
such a series 25 what fs meant by the optical size and 
‘Supe from a given direction of a crviain part of the 
perceptual object. But I do aot think hat it would be 
[pamsible ta generalise this deindion, so. to givea mean 
ing to dk size and shape of a complete oplica object. 
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(6 Physical Shope—We bave sud tt common 
sense identifies the “zeal” shape of x perceptua} objert 
with its felt shape. “This statement requires a good 
deal of analysis. “The rat thing to notice is that we 
are much more inclined to believe Gut we feel literal 
farts of the enclaces of physical objecs than that we 
see them, Mirror-images, and the varios of visual 
shape and size with the pasition of the observer, make 
ic ily evident,even to common-sense, thas visual sents 
ture not Fterally parts of the surfaces of perocprual 
‘objects, though, of ourse, coemon-sente does not under- 
stand what radical changes consistent application of 
this conclusion involves. But we are convinced that 
‘what we touch is literally a part of the surtace of a 
physical abject. I believe that, with suitable explana- 
‘dons and quulifations, some such view can be held; 
at we must gradually work up (o it, and make the 
mecessary distincnons a3 we go along. 

(a) There are tactual feids, just as there are visual 
fields, And within them there are sometioes ont: 
standing tactoa) vensa, with recopnisable sensible shape 
and position within the field Tactsa! sensa sited oot 
from the rest of the tactual felé, if they be markedly 
different 1m temperature or in ‘feel fom the reat. 
‘These remarks would be illustrated by laying one’ 
hhand on a table with « sccall bit of ice Tying unit or 
‘with a nail sticking up from it. In each case we should 
sense a tactual field with a certain outtanding actual 
sensum at a ceriain sensible place withm In the 
first case the sensim would stand out by its coldness 
from the background, and i would have a seprible 
shape. In the second & sensimm wov'd stand out from 
the background by its peculiar “ prickly feel." But, in 
the ordinary man, the tactval field is moch Jews clearly 
differentiated thas the visual Geld, and sensible tactual 
‘sition and shape are far vaguer than the sensible 
shapes and positions of visual sensi Very. possibly 
this is not true of bind men, The tactual Geld, such 
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we have fur been describing, is connected with what 
pPaychologists call "passive touch": and it is generily 
Adautted that pansive touch by itclf gives very vague 
information about shape and size. 

(@) Justa visual sensa aze literally preseat only in 
their own fies, so tartual sensa are literally preseat 
oly in tctual fields. When we say that there isa cold 
round tactual sensum ata certain piace in the ovement: 
continuum, we are necessanly speaking in a Pickwickian 
‘0036, as aruch as when we say that there isan ellipical 
brown visual sensum thece. This Pickwickian sense 
1s fairly obvious. A certain tactual xengum may be said 
to occupy that place in the movementcontinuam to 
whieh E Baye to move my haod before { can sense 
(his sennam, The total region In which a cerain 
perceptual object is present may, in this sense, be 
‘occupied in different parts by a reat sumber of different 
factual sensa from contesporary fields of different 
observers and from successive fields of « single observer. 
‘The whote of such a group of ractual sensa would be 
the Tangible Coustteend, which, along with the complete 
‘optical object and perhaps other constituents, males up 
(he perceptual object. 

G) It would generally be admitted that it is by 
‘active touch," he., by passing ous fingers over surlaces 
that ste learn abouc the ‘real shapes” of objects like 
pennies. Now active touch is party x movement- 
experience and partly a @actsal experience. The purely 
tactunl mde of itis Hlustrated in iscation im passive 
touch, and we have seem how very tite it han 10 tell 
the norma man about shape and size. But artive 
touch is movement of very muuch the same kind a we 
experience when we walk about, accompanied by scram 
tins of temperature, pressure, *aharpaess,” *Blunt- 
ness,” cre. We find that there are cxriain regions of 
the movement-coatinuum into which we cannot enter of 
push our hands Our previously Iree course is stopped. 
‘This stoppage ss accompanied and emphasised by 
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actual sensations of vadous kiods It i always 
accompanied by pressareaentations, which grow in 
‘nsengity the more we try 10 pecetrate the region in 
question. Whea we actively feel a body we are trying 
‘to penetrate certain region of the movement-continuurh 
fram vacious directions, and are filing 10 doo. And 
‘ur failure is marked by characterntic tactual sensations. 
ints on ing surface are the points at whuch 
attempted courses of further movement are stopped. 
‘Thus, it seems to me that what we fee! when we are 
to be actively exploring certain 

















‘ace the boundaries of « volume which sm 
‘the moremeateoncinusm in the sume literal sense in 
which a tactual seasuan is iis tactual field of a visual 
bensumn is its visuad Seld. ‘The optical consecwent and 
the tangible constituent of the perocptual obyet are on 
the suclue ofthis fle egion in thelr respective Pick: 
wickian ways, whit relevant scientific objects are 
Within this region in a perfectly ierl sense, 

‘Trere Is oce important pot to remember here. 
‘The experience of being stopped when we try to pene 
trate « certain region of the movemeot-contisuum from 
various directions is not one simultaneous experience, 
Dut ina aries of saceroe atiempts and felures, woot. 
pesied by characteristic tactual sensations. On the 
other hand, the cegion whic we are said to felis n- 
‘ceived as a network of eoniemporary points. 1 we had 
Bot got the concepts of shape and volume from our 
Wisual, and in a much omaller degree, out ‘actus! Selds, 
wwe should sever have bees able to interpret these 
succescive stoppages as 2 network of contemporary 
poinu ix a kied of space, This is simply a farther 
Itlusraion of the geseral ct, already not, that apart 
from the charnctristic peculiarities of visual Geld 
snd their carreletons with our bodily movements we 
should never have interpreted the movemen!-costinuum 
spatially at a. 
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(8) Summary of Concheons abet Shape—Shape 
pertecly deSnite meaning only as applied 10 
tensive whales of co-existent pars. It in therefore 
Inmposaible ta dea! wth i adequately apart from time, 
Strialy speaking, only momentary exienéed ents 
have shape, and we can oly tale of the shape of & 
Persstemt abet on the asmumption that mcoesive 
Momentary soauots of ic histocy are extended event 
‘with the sume shape. Leaving these temporal compll- 
cations aside till tee next chapter, we say way that we 
rach the concept of shape by acquaintance with 
particular ioatasces of it in the form of viaual and (to 
‘much lest degrees) tactual secea. Having reached 
the concept in cis way, we can, as vsua), proceed to 
apply it wo other cases which we canmnot sense. 

"The notion ofthe shape of » perceptual obyect han 
the same find of coafuoon ax the percepunal object 
itsel Foe the latter is 2 emponmee of consttvent 
objects of various sypes Exch off these cocstiuent 
objects will have a ahape only in a Pickwickinn sense, 
fae AG. And the Pickwickian sense will be diSerent 
for each diferent type of consitsent object. Te proved. 
to be unprofitable, and perhaps impossible, to defi 
1 meaning for the sbape of the opexal constituent ot 
tho tangible consituest. To fact, what is meant by the 
shape of 





















af a certain regioe of discontinuity wit 
mentcontinuuz. This is the region on wbase surface 
the optical and taogible components of the perceptual 
abject are present in the Pickwickian seas: of 
‘“tpeenence” appropriate to each. And within this 
volume are supposed 10 reside those scientiéc objects 
which are mainly relevant in determining the optical 
and tangible Sing of the region. 

‘The boundaries of such regions of the movement 
continuum ace learat by active exploration. Attempts 
at further movement are bere stopped, and the stoppage 
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is emphasised by the accompanying tartual sensations, 
‘The interpretation of these successive stoppages as a 
network of contemporary points within the movement- 
continuum involves the application of concepts derived 
iaialy from the visual feld, and the same 1s true of 
the spatial interpretation of the movementcontinuum 
itself, The shapes of visual sensa ate taken as indxa- 
tions of the shape of this region in the movement 
continuum, but are admited by commonsense to need 
correction, a correction which we apply automatically 
And properly in fariliar cases, 

‘This isa fa as we can profitably go without con- 
sidering the temporal characteristics of sens, physical 
abjets, and physical events. With these we shall deal 
in the next chapter, 


‘The following additional wocks may be consulted 
with advantage: 

G F Stour, Massa of Polo, Boo UL. Par I, Cpe 
rests 


W Jauns, Pranic of Pil, Cuero Spam. 
‘Benkssay, Theory of Vinee 


CHAPTER X 


So m ety fat.” mad (he nt Lecteoant anh tara 
froma having 

Fart, Bt Spober 7" stked the Captum “The expreaion 
wa sirage ony, for Tame if you wal ack oft} only 
— (R 1. Stevenson, The Seubuag Shp} 


‘The Dates and Durations of Sens and of 
Physical Objects and Events 
‘We have now to raise the same kind of quest 
date and duration as we bave just been raising about 
poe and shape. As ia the last chapter we were 
learning something fresh, not only abot Mutter, but 
also about Space, so bere we are going to dig beceath 
the taditional concepts of Tizse and Change which 
‘were treated in Chapter 15. We shall also be correcting 
certain simplifying assumptions which were made in 
the last chapter, sch, gt a8 the assuciption that our 
successive sensible Selds are literally moatentary. 


eeaparison of Spatial and Temporal Characteristics 
of Brass.—Let us begin with the temporal characteristics 
which beloag to sensu in the same direct and literal 
‘way in which sensible place in their own felds belongs 
to them. ‘There are three ways in which temporal 
characteristics are more pervasive than spatul opes. 
() Onty objects have places and shapes in a literal or 
evtn a Pickwickian sense. Mectal acs, like believing, 
wishing, etc, neither bare sensible places, such as 
sensa have in their own fields, nor are they commonly 
held to be in physical Space, even in 2 Pickwickian 
sense, This is denied by Aleaacdes, but I am quite 
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unconvinced by his argaments. Its 20 dove possible 
tw give. Pickwickian meaning to the siatement that our 
mental acis are in auc heads, bt we make so litle 
cients use of such satemens that it is hardly worth 
teoubling (odo so. On the other hand, i seem m oe 
that montal acts have dates in the stme Ker sense a 
sense and othes objects, which are sot act, When 1 
sy that 1 began to thint of my diaver at the moment 
‘wien I beard noise, I'am asserting that a certa net 
Of thought and x eeriain seanution af sound were cone 
temporary; and this fs an expression of an immediate 
axperience, and has nothing Plekwickian about i. 
a) The wpatal characteristic of the aensa Of one nonam 
ilo not literally extend to those of another tense, even 
inthe ease of & single observer. My vinual sente have 
places in my visual Selé, and soy factual senaa have 
laces in my taciual Feld’; there Ia 50 place in which 
both ace iteraly present. "We do, indeed, come to say 
Ghat certain visual sense are compreseot with ceria 
factual ones; but, as we have sees, chs only means 
that bath are present, indifferent Pickwickinn senses in 
4 region of the movement-contisvus. This in at the 
bind of fact that can be directly sensed. On he other 
hand, ic does seem to oe that temporal reations do 
Finally coonect sensa belonging to iiferent senses of 
tha wane observer. I ean often judge quite iowzediately 
that's certain noise that I sense is contemporary with 
a certin fash vant U sense, and is Inter than a corn 
‘twinge of toothache which I remember. Here { seem 
to be using the mames af these tresporal relations quite 
fitgrlly, and fo 20 Pickwickian seose. On the other 
feand, temporal lations do not Ineraly stretch acroms 
from one observer ‘2 anather. You and 1 may judge 
that (wo visual sense, one of which was sensed by you 
And the other by me, weve contemporary aod you Zay 
judge thae your visual sensum was contersporary with 
a ewinge of toothache that you fe But my flash and 
Yours are not contempocacy, in the same literal sense 
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in whies your flash and your toothache are con- 
temporary. ‘Temporal relations between the sense 
fof the mental acts of two diferent observers have 10 
be defined in terms of 2 good many otber facts beside 
the two which they are said to relate jusr as we found 
with spatial relations between the senst of different 
observers. (vt) Spatial relations do not literally extend 
from the mensa of one Geld of a certain observer 10 che 
nenta of a later field of the same sense of the same 
Observer. It is only in & Pickwickun vense that we 
foun say that & certain visual seneuan of mine ia com- 
‘Present with another visual sensum of mine, which 
belongs ty a later Geld. On the other hand, direct 
siemory seems often w bridge the yap between two 
fof our sensa of different dates, and to enable us 10 
sgudge directly that one is literally later than the other. 








Sansible Duration : (2) Sense oud Senirebycts.- We 
assumed temporarily, and for the sake of simplicity, 
in the last chapter that our successive sensible fields 
‘are Titerally momentary, and that a sensumn in one field 
is ype facto dillcent trom any sensura in another field, 
‘We must now get belind these simphlying assumptions, 
‘The second of thers 1s partly a roatter of definition. 
eis obvious that shat is now past cannot be precaely 
fund sumerially the same as what now present, even 
though the seasible qualities and shapes uf both should 
bbe exactly the same, and though they should oooupy 
precisely similar sensible places in ther respective 
sensible fields, Tam therefore justified in ung the 
term ‘‘sensum in such a way that they shall be called. 
dillerent seasa. This is, of course, without prejudice 
to the fact that ube resemblances and the contiauity 
See the ees ss of ae ef 
successive Selds roay be such that it i fe and 
sell 10 speak of & siogle peruutent stnnedert, of 
hoe history the acasa of the series art different and 
Successive slices. When there ir a series of sense 
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Juss ss. tein a set of successive Sells of ax obterver 
O, and when there is enough qualitative likeness between 

jacent seasa of the series, we can say thet a sense 
abject S exints and persists, and thet these sensa are 
successive parts ofits bistory. If wll the sense of the 
sees be indiatinguishable in their quales, we can 
say that the sensecbject S has persisted unchanged 
throughout « oertn Gueation. ifthe successive sono 
have dierent places in their cespoctive fields, and if 
cxrtain further conditions be fulfiled, we can say that 
the eense-object S has moved. ‘The soxt of continuity 
that i required of the sense 3, - « « « = ty in order that 
thay shall af coust an parts of the humtory of a aingle 
aense-obyect §, is that the onarer together two soma 
turn in the setieg the more alike are their sensible placex 
ja their respective Slds. If this condition be fulfilled, 
vr say that there 19 2 vingle sense-bjec, and if the 
rscoessive seesible places are diflerest, we say that it 
has moved. We can, of course, remember the place of 
a sensu 4, 1m its Gald f, and compace it with that of 
Joa in ica Bald fryye This is not generally an wct of 
deliberate memory and comparison, ut we automatically 
notice if 4's postion in fg is greatly dflerent from 4's 
postion inf If the Gelds which come after a certain 
eld f. do noe eootain sensa withthe right sor of rexem- 
bance and continuity with the previous 1, we say that 
the sensr-object S has ceased to exis. Ag we have 
already explained, nothing that bas ever existed really 
mares 10 exist. The parts ofits history that have be- 
come, meraly recede Sato the more acd more distant 
pant; and nothing that benceforward becomes, is of 
such a nature that it adds on Co these past eveats to 
rake x continuation of tht particnlar sense-object.. It 
‘were therefore less misleading &0 say that the sense. 
ject in quaation ceases to fersist. The past, hike 
the wohappy Theseus, ** Sede, elereamgue sede.” 

(0) Deration of Sones and of Seure,On the 
asnvnpson that seaxile Belds are Serally momentary, 
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1A follows chat sensa are also fuerally momentary, Bat 
this assumpdon must cow be dropped, and we must 
some closer to the actual fcts of sensible experience. 

i which may 
roughly be dened as the tine Gucing which i ls weased, 
tas distinct from beiog remembered. The twa Kiedy 
of act nre markedly diferent when « locg gep of time 
separates the act of remembecing from the object rm 
membered. Ax the time-lapse betwoeo act and object 
Alecreaoes, the distinction between seauing and remember 
ing grows sinter, and ro absolutely sharp Hine can be 
drawn where ue ends and the other begins. Sill, 
ie is certain that what can be sensed at any moment 
strvichea a Tite way beck bebiod that momeat. This 
{is Ure phenomenon to which we have already efecred 
19 the Specious Present. 1 do not fad the accounts 
of the Specious Present given by aychologists very 
clear, and T shall therefore try to Ulustrate the matter 
amy own way, which will lead us to definitions of 
momentary fields and momentary acta of senting. It 
in obvioas that, if we are to hold tha: all object-evants 
are really of finite dueaton, ard that momentary afers 
are to be defined by Extensive Abstraction, wa ought 
0 take up tho same atticude towards ae. oball 
Degia by amuming literally momentary sets of sensing, 
tod shall then cocret this abmvaction. 

Let us represent the history of O's acts by a directed 
Fine 00. Lat us represeat the history of bis tanaible 
Seldsby » parallel Tiae ee. Let O, on the upper fine, 
represeat a momentary act of senting doce by O at 
monet fp I take i to be a fact that this act grasps 
fan event of Boite dacation which stretches back from 
the moment /, to a moment 4, which is earlier by an 
amount r. This duration ra the length of O's Spectous 
Presost. I call this event g¢y and] represent the act 
of sensing which grasps it as a whole by the cight- 
sagied ciangle Oy with of, ax base and O, as 
verte, 
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Let ua now suppose that, at x slightly later date 

(oeparated by lest than the leogih of dhe Speci 

Preaeat}, © performs another act of 

repceaent this by the dotiad triangle {Oy which is 
lac to 4O,¢,. This grasps an 

event of duration 1, seretching ry 

Yack fom the moment whan the 

act happens. The event is cepre- 

sented hy é¢’, Now itis evident 

that there Ib a part a¢/y which is 

comaaa to the two events 4, 

aad ty’, Tois part is semeed 

by tote vem Gand OF." On 

he char band, hae in gat yf te Set evant 

wien or coed by x second act, and 

fie Of the second even! 

first act. It will be noticed that the duration of «¢/. 

the event which in sensed by bot iss 

‘that, when added to the tore that 

foci i makes up the deren Of OV Spent 

Present. If we Gually take an act O,, separated from 

‘©, by the length of the Specious Preseat, the event é/ 

‘which it grasps has nothing ia comason with 4, €90ept 

the single poine which is labelled both ¢, andéa.” Thun 

i€two acts of sessing by O be sepacated by the length 

0f O's Specious Present, the only “event” dat is sensed. 

‘both of them ina momectary event.” In general, 
‘we notice thas the shorter the time-lapse betwesn to 
of O's acts of sensing, the fonger is the event which is 
gensed in both of them; and that, as the lapse tends 
‘0 nothing, the duration of the evest tends to r. 

Ae) Mowneniary Fulds and Momentary Act of Searing. 
‘Weare now able to remove the supposition of literally 
momentary acts, and to define by Extensive Abstraction 
‘voth momentary acca asd momentary fields. If the 
siader will look back at the diagram be will see that 
the event ay which ' common to the two acts of 
seosing O, aad Oy is 2 fotier? common to O, and any 
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act that happtns betwees O, acd O, For it wil bea 
Proper part of the loager event which is comion to 
ix pair of mace closely adjacent acts. If we imagine 
‘xcomGanows series of momentary acts betwen O, 
1, we can regard chem as momemiary sections of an 
act oF proces of Since duration, and cam say that the 
finite event ag’, is present dheoughout the whole of this 
proves of sain, The pars ay and fa 0™ 8 
Pecumbray the 
dnd the formar 
Proceaa of sensing; but the part «7, is present all 
Through. A momestary sensible Seid may thus be 
‘oughly defined aa the Kimie which vhe event tbat 
Present theougbout the whole of « prooess of sensing 
Spprosches, as the duraion of the procees of sensiog 
appraaches to the Teagtt of the observer's Spocious 
Pramas. "The reference to limits can then be got rid 
fof «a the usual way by Extensive Abstraction. The 
rmomealary Geld /, might fically be defined as follows 
Tr Ip a class of events suck that each member of itis 
Dresest throughout the whole of some process of sens 
whieh beging at 4, and does sot lst longer than O' 
Specious Preseat, 

Tn the same hind of way we oan define x somentary 
tx of wing. The looger an evest the shorer isthe 
Drover of sensing throughout te whole of which it ir 
resent. As che feogth of the sensed eveot approaches 
that of the Specious Prasant, the duntion of de procest 
‘of sensing throughout the whole of which the event it 
Present approaches t© oothing. We could, therefore, 
roughly dafine a romeatary ac: of sensing. as the limit 
‘which a proces of semalag approaches ax the duration 
Bite event which 1s present throughout the whole of 
this procem approaches i that of the observer's Specious 
Prescot. The reference to limits caa then be got rid of 

the utual way. Te momentary act O, calght ulti- 
malaly be defined as follows: Tt isa class of acts auch 
(hat throughout each member of it there is presem soma 
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‘event which ends at, and does not last longer than the 
duration of O's Spec.ous Preseat. 

Ta meal Life we may assume that our acct of sensing 
sure not momentary, but are processes that last for 3 
Gnite ime. What we choose 10 count as one process 
of sensing, of course, depends on many factors, of which 
the most ianportant is probably unity of terest. (Cour 
‘scoount of the Specious Present be right the funda- 
mental fact 19 that a process of sensing which lasts for 
1 Gnite time (pravided a be shorter than dhe duration 
(of the Specious Present) sill actually sense a certgin 
event of Bmite duranoa throughout the whole time that 
the process lasts. Since, however, we have succeeded 
in defimng momentary ucts and ‘momentary sensible 
fields m terms of processes of sensing and sensible 
ficlds of finite dumtion, we are henceforth at liberty 
to use the momentary conceptions whenever we find it 
‘coavement ta do $0. 

(d) Sennble Change.— Weare now in. positon to desl 
with temsible change and movement, We have already 
defined what ix roeant by the statement that a sense- 
object kas changed or maved. We naw that it depended 
‘on m comparison between the sensible pastions and 
other qualities of sensa ro successive Gelds. But it is 
‘= notenous fact that we da not merely notice that some: 
thing sas moved or otherwise changed ; we also often 
see something muming or changing. This happent If we 
look at the second-hand of a waieh of look ar a fickering 
ame. These ace experiences of a quite unique kind ; 
‘we could no more describe what we sense in them to a 
‘man eho bad never had such experiences than we could 
deseribe a ced colour toe man bore blind. It ix also 





























thing Grom “seeing” thet an hourctand Jer moved. 
Jn the one cage ws are concerned with something that 
the other we 





of two diffeceat sensible fields. Now we have just seen 
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that, in the total event which is sensed by a process 
‘hat fasts for fess time thas the durasion of the Specfous 
Present, there isa Gnite part which is sens 

durowghout the whole process of sensing. Even if a 
ertain process of sensing gots om for longer than 2 
Specious Present, there will be parts of ie that are 
shorter than the duration of a Specious Preseat, and 
‘same event of finite duration will be sensed vsroughout 
“any one of these ahorter pars of the total process. Let 
Us consider any auch Rite event, which in sensed 
throughost the whole of x finite process of se: 

It will consituce # sensible field, sed it laste for 
finia tiene. It can thasefora be divided ints eucomaivm 
fields of shorter duration, whic together make # up. 
I? anything is one of is earher sections be qualitatively. 
different trom anything, in any of ies ater sections hace 
‘will be change weekse the anginal finite field, But the 
‘whole of this fcid is sensed throughout a finite process 
of sensing. Thus the qualitative differencen betwagn 
ata aarher and its laver sections will be sensed capether, 
‘ue, the observer will artually sense the changing and 
‘will not merely notice that samething ser changed, 
We can now easily see why a change mutt surpass a 
certain miinimure speed af it is to be sentod as sock. 
If a change takes place alowiy, this menos that closely 
adjacent events are qualitauvely very little difereat 
from each other. Tt may therefore happen that two 
‘eveats are not qualitatively distinguishable by us unless 
they are separated by more then the Guration of a 
‘Specious Present. If this be so, these two qualitatively 
distinguishable sections of a single long event are too 
far separated to be sensed togetber even by a momentary 
act, A forters they couid not be sensed throughout the 
whole of any process of sennieg whieh fans for a finite 
time, a8 all real acta of sensing do. Thus we may be 
able in such a cage co judge by memory and comparison 
‘hat something der ckegged, but we shall not be able 
‘to geno ity changing. 
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‘The fact that, in fevourable eases, changes can 
retunly be sensed, is of great imporanet ia developing 
the concept af change in geseral. A suliciently short 
ct af sensing senses a field of Gnite daration, This 
‘eld is divisible iat earlier and later parts, which (o- 
gether make it up. Now, since } sense this Finite Feld 
483 a-ghole, I actually sense the way in which its eavliet 
half joins up with its later half to sake up the whole, 
By analogy with thie, Iam able ta conceive how (m0 
uvessaive adjacent fields, which no act, however short, 
‘can sense together, are joined up with each other 
fonture to focm a single Jong event. 1 thus interpret 
those qualitative differences, which I can note only 
bbatween successively sensed fields, in terms of the 
changes which [ can actually sense within a field chet 
Isabart enough (0 be sensed as a whole by an act of 
Gimte duration, If there were 00 sensible change, st 
‘would stil be true that « auBciently short act of sensing. 
semsex 4 Held of faite duration ; but it would be wx- 
‘tremely diicul for us to recognise that this was divigible 
into auccesseve ahorter sections which join up with each 
other to make the Gnite feld. Far there would be 50 
recognisable qualitative difference between the earher 
sand the later sections. Ta this cae, it would be ex 
trnmely dificult for us to conceive the way in which 2 
finite field, which is now senant, yous on ta an earlier 
finite field, which 1s now only remembered. It would 
be propartionately difficult for us to isterpeet any 
qualitative diferences that we might Sind between two 
‘nach fields in terms of slow costincous changs. 

(eh Concasions stout Seattle Duration. Webave now, 
think, got all the facts hat ace seeded to deal with 
the concept of the duration of sensa. A sensible Seld 
4s the total event that is sensed dhroughout the shole 
of any process of sensing. No process which lasts for 
Jonger than the ducation of 2 Specious Present senses 
‘a amngle sensible Geld, and mo sensibie fisid can last 
longer than the duration of = Specious Present. But, 
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‘on the othes hand, every process of sensing that fants 
for a shorter time thax = Specious Present sees 
throughout the whole of it a seasible fickd of finite 
uration. Since we can always divide up a proceas 
of sensing into successive Bits, each of which is shorter 
than a Specious Present, we can always divide up the 
total event that an observer has sensed in the course of 
a lang process of sensing into suocessive sensible fields, 
tach of a Smite duration less than that of the Specious 
Present. There ss thus a muaximum possible dsration 
for w sensible field, but any sensible field is diisible 
into shorter fields which youn together at thesr enda to 
make up the whole. Thin divinbalty fx made ol 
to ut by the fact of sensible change, and the mode of 
Jjunchoa of successive adjacent fields vs conce:ved to be 
‘salogous to that which is actually sensed im the cae 
‘of the cartier and the later half of a stogle senmble Rl 
Now we have already seen that even a momentary 
sensible Meld (especially, for example, a visual one) is 
spatially extended. We have now seen that any real 
sensible Bek has a certain duration, winch cannot 
exceed that of the observer's Specious Present, Te it 
thu also temporally “extended.” It may hus be 
regarded a8 2 four-dimensional spatvotemporal whole, 
Ldefine 4 sensum as a part of asensibie fied. Now, 
it we coasider an ordinary three-dimensonal volume, 
like a cube, and neglect the question of duration 
altogether, we see that anything that 1s literally a part 
of i must be a three-dimensional volume too. For it 
is only such vbings thax could literally ft eagether to 
sake up the cube. Plane sections of the cube are not 
parts of itm this INeral sense, though it 16 perectly 
ary to define by Extensive Abstraction Pickwickiaa 
penses in which planes, Fines, and poiots can be sruly 
and usefully atid to be “parts” of volumes. Ia he 
same way, © xf clear that the only son of thing that 
can hterally be a part of a spaso-temporal whole, like 
macasible field, must be someibiog that is extended in 
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fio us well asia pace. Any actual sensu it thece- 
fore exteaded bach spatially and tecaperaly. Granted 
that no secsum ig 1 be beld to last longer chen the 
sensible iad of which it is a part, we have etl to ase 
‘what ia meant by the ratement that cre sensu persis 
throngh the whole of « certain seasible field and that 
nother ensues does not. Tee following cases car 
arine: () A certain. place in a sensible Seld may be 
pind by senoe-quality (2 4 colour of « certain 
efnite shade, brightness, and saturation) throughout 
the whole durauan of the senabie field, We should 
thao my that a sensu of this colour Sas persed and 
read ia one sensible place throughout the ‘whole 
uration ofthe Geld, OF such a seasom we can only 
say that it caunot last longer than the sensible Geld of 
‘hich it isa part (and therefore got longer then the dora 
tion of a Specious Present), tough, af course, It may 
‘be concioued by quabiatively indstioguishable sense, 
ocupying similar sensible paces in suocessive ansible 
elds. i) Accartaie place might be sensibly oorspled 
by « continuously changing sense-qualiy throughout 
te whole duration of the seaibie Raid,” This mame 
roughly thet, if we divide up the ratory of Oris place 
thoaghout the denon of he fell to weve 
er anion any two ancions wall be accupied by 

1 ferent snee-quaty, bar the Uinoer we mae Oe 
sections the more neatly alike wil be che wanserqualities 
‘that occupy this place throughout adjacent sections. 
1s this cave we sould actully "sense the change of 
‘qualiy” "The sensible Meaty of place, and. the 
of the eemsequaliy, would. generally be 

reganied az suficient to justly ug in saying that 2 
single sensum has persived thoughout the: senmble 
field and has rested in one sensible place, but thet tt 
ecsibly and conuinvcualy changes in qualiy. (3) 
Teight be posible to divide the history of » conan 
secsible place in» sonable Geld into three successive 
testloas, af which the Airset occupied by a quality de 
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the second by 5 markadly different quality gp a0d the 
third by a markedly dierent quality g-_ We should 
thea say that there were three kacoessive sens, each of 
‘which prsated foc 20 long, and then was succeeded by 
‘Another. If che middle one of these sections should 
tbe exceanively ahoct, we could say thet we had sessed 
a" sentecfch Of quality ¢, 28 this sensible place.” (iv) 
{te might happen that, as we divide up the sensible field 
into successive thinzer sections, we find tbat in each 
section there is « sensible place occupied by tbe 
sensequility. Moreover, the shapes of these sensi 
places might be indistinguishable. But the sensible 
Placee occupied by thin quality im successive sectians 
Of the sensible feld might dill. And ic 








found that the thioner we made the sections the more 
neatly alike wore the sensible places occupied by 
this quality in adjecent sections, On the grounds of 
this coatinuny of place and identity of shape and 
‘sensible quality, we should be justified io saying, that 





should actually sena its movement and should therm 
fore aay that x moving sentum of such nnd auch shape 
‘mnsible quality persisted chroughout the whole of 
‘hie sensible Geld. In seal file it in wanlieely that the 
shapes of the mucceasive places would be exactly alike, 
for that precisely the sime sensequality wool! occupy 
each of them. But, provided that the cbange of abape 
and of sense-quality was conticuous in the sense defined 
‘shove, wo should still exy that we were daaling with a 
la gensum ; but should add that it changas sensibly 
ape and quality a8 it seaubly mores. Of course 
moving or qualiatively changing 
persist throughout the whole of a sensible field, avy 
‘more than a reating or qualitatively fixed one need do 
so. The change may begin afer the beginning and 
fend before the end of the sensible Beid in question, 
think that we have now said all that is necesoary 














DATE AND DURATION 7 


bout the ducttion of secam. As in all quentions of 
ucation, the answer depends in parton mere matters of 
<deBiniton. When we asi bow tong s0 and 30 lasts, we 
have frat to ly down ove criterion of identity for 80 
‘and so. If aaything lasts at al, the succeasive paren 
‘of ts history are seceatarlly sumerialy diferent, or 
they could not be aucceasive. Our criterion of identity 
‘earn therefore, depend on identity of quality, in a wide 
aanse of that ‘word, which inclodes shape and place. 
‘Thus the question is: ~' How much qualitative dif: 
ence can we allow becween successive slices of 4 long 
event before it ceases to be appropriate to call the whole 
fevent the biatory of a0 and a2?" Obviously, this is & 
Question which admits of warious answers | but 00 one 
olds that complete qualitative identity of suoceasive 
events is seceauary if they are oll to be regarded aa 
‘pars of the history of one persistent object. T thave 
GeBned the word samme in suck a way thet nothing 
‘which casnot be seased throughout the whale of se 
process of seasing i to be called ace tensuas, 00 naiter 
Thaw great the qualtative rmemblance and te cod 
tiauty between sicoemive slices ofthis long event may 
be. Such a long event may count ax the history of & 
single sae sat; because ibe kind of idnctty mowed 
for the peesisience af a sense-object, as defied by mie, 
ls dierent from that requlced for the persistence of & 
sensum. Withio these Limits bowever, 1 have not 
‘considered that complete Sdectity of place, shape, or 
seasequalty is easectlal 1 the identity of a sensu, 
Ttherelore recognise the existence of sentibly movi 

and sensibly changing secs. Since the experiecces 
fof smsible change and movement are peculiar ant 
important, and since they occar within Seid that ae 
sensed an wholes by procemes Of senting of faite 
duration, this seems to be the most reasoaable course 
@ tain” Anyone who dinzpproves of it has merely $0 
sak appropiate modifcations in bis defizition of the 
‘word senover; e wil stil have to seongaise and deal as 
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best be can with ll the facts which we have been 
passing under review. 


ating of Seam. —We can now turn to the subject 
of date. "The notion af date oaly becomes peciectly 
Seficite whea ve deal wath momentary events; 3nd no 
ual events are momentary. It therefore has to be 
defined by Eateasive Aberactioc. We wil frst coo 
ilder the dating of aeasa whlch are sensed By a single 
‘Observer, and we wall then pass ta the concept of 
Temporal claions Between sensa of diferent observers. 
‘When a ieaning can be assigned tothe satement that 
a senuuma ny which is sensed by Oy, is contempocacy 
with fy which is sensed By Oy and iter than 4, which 
was sensed by Oy it will be possible to sce wat ts 
Imeunt by the notion of a date which ss. nevizal as 
bevwnees ‘vaious observers. But I mst jurt say 2 
‘word about the dates of acts of semsmng. 

(e) Teoyponat Reston berwarn et of Seasing and 
Sens. the teadar will refer back to che digram, 
iby which we ilustratnd the facn ofthe Specious Present, 

Will see that we there tacitly assumed that a 
momentary act of sensing would be contemporary with 
the end-point of the Gute event which ft eneen. This 
is implied by waking Tice, like Oy/, m the diagrass, 
focal to the Line of objects sezaed. 1 suppose tht it 
i possible that wn act of sensing might be later by a 
fate amount than the whole ofthe event that x sentes, 
It could not, of courte, oa our view of the future, be 
sorhr than tay part of what 38 seosex. For, when the 
Scie present, there ie workiog later than ik sad 10 
{enon what has not yet Become, would be literally to 
songs eadhoxg. Our assumption seeom to be the mort 
feasooable one to make. Ox te onc hand, theres, 
yo far as 1 know, nothing conclusive agamst fe. On 
the ather band, the distingsishing markt of an act of 
memory is that it 3 seperated by a Bnite Umelapen (om 
the lates part the event which Remembers.  Hlence, 
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any other assumption than thet which we made, would 
ender it dificole to ditinguiah, even ia theory, between 
an act of sensiag and an act of remembering. The 
(Protical Bicalty which rere sometines ix in drawing 
{is distinction can easly be accounted for on our view. 
“We can well suppose that, as the gap between an act 
of remembering and the eed of the event semembered 
ges short asd aborer, {will be more aod more 
EiGuit to dusunguish the act of remembering from an 
ter of sensing, ia which, if we are right, tbe gap 
wanishes altogether. I aball therefore take wt ct the 
smumpuon tacitly made in the diagram 18 justified. In 
general, then, we may soy thatthe begraning of a pro 
cr of sensing, chrovghout tbe whole of which an 
‘event offsite duration 19 sensed is contemporary wit 
the end of the vent in question. Thus, in the dea 
©, the begining af the act O:Oy is contemporary 
with dy the ead of the event fa’ which is sensed 
throughout the whole of this proces. This will slice 
4s to the conzenioa becween the datas of an act of 
dgeasing and of un event seased by it; a question 10 
‘which nothing compartble arises when we deal with 
Space, sioce mewal acs do not have places, as they 
have dates. 

(2) Tempera! Relanons anthsn « Sou fel.—Haviogg 
cleared this point oat of the way, let un consider 
the dating of senax hat are sensed daring the life- 
hntory of a single observer. ‘This inguiry falls into 
two pac, We have fest 12 consider the dating’ of 
senna that fall withia a single sensible field of the 
observer, aad then 20 consider the exteanon of Us 9 
senga that do not fal into the ave sensible ed but into 
snecessive ones. T must fist clear up a alight ambiguity 
in the term sears eld. In the last chapter we counted 
the Geids of two different seases, og, am auditory und = 

al Geld of the same observer, ax diferest sens 
fields which do not form parts oft angle larger whole. 
‘This is true as regards spabal characterisice, which we 
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‘were then covsidering ; since seasible spatial relations 
cdo not consect the seasa of one sense with those of 
‘another, But, as regards tzxporal characterinies, the 
<dintination between the sensible Sclds of diferent seascs 
‘ceases to be of importance. A noise that 1 sense 
auditorly muy be sensibly and literally contemporary 
‘with a fash of coloue that I sense visually. We cat 
therefore say that the special seosible Beds ofthe various 
‘senses form parts of s single genera sense Bld, 90 Sar 
a3 temporal characteristics are coocerned. When 1 
‘speak of « scaaible field in the sequel, Tahal! mean 
‘gonecal sensible feld, unless the context makes {¢ pain 
‘that Lam refertiog to some special one, such as that of 
sight or that of hearing. 

‘Lat us thea take x certain sensible field of « certain 
observer. AS we bave explained, chis is of finite 

ration and its parts offsite deraion are sessa. Some 
‘Of these endure throughout the whote of it, others do 
ot. Of two aensa, neither of which endures througth- 
wut the of this Held, one may be completely 
separated Grom the otber, te one may cease and soon 
third sensum may intervene before the other beginn. 
‘On the other band, the end of one may exacily eoiscide 
with the begicning of the other. Or, finally. the two 
may pastially or totally overlap. These various tempornt 
relabons between sensa of fnite duration that fail into 
the same seasible Geld can be acd ae divectly sensed, 
justas the spatial relations herween two coloured patches 
1m the same visual field can be. Two sensa would be 
{said to be senaysimalioncea if each completely averlaps 
‘theother. ose sensum oaly partly overlaps another, 
there is a shorter part of one which completely over: 
laps and 1 coopleisly overlapped by x certain shorter 
part of the othez. Thus thesc two parts will be sensibly 
simultaneous, though the wholes are nat. It will be 
seen that sensa which are sensibly simultaneous both 
‘persist through the same slice of che sensible fid, As 
this slice is made thinner and thinncs, che oenan that 
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pomist throogh i¢ are made sborter and shorter. 
ceeding 10 the limit, we get the novion of exact simal- 
aneity between momentary events. The refereuce 19 
mit can then be removed by Extensive Akstrartioa. 
‘The details of the process will be found ia Whitehead. 
@) Teswporal Relenoas wun 2 Sexsebutery—We 
can see roughly bow, in this way, the sensa that fal 
thi jle sensible field can be arranged ia & 
umpora! anier and daved. We have cow mesely to 
extend this to successive fields of the sane observer. 
‘Any sensum in a later Geld ip Ixter chan any sensu 
in un earlier field. A feld is Sater han anotber if it 
‘was sensed whea the other could only be reavembered. 
(This is not the wesame of being later, as we bave 
‘geen, but itis a crterion of it thet we can and do ure 
jn practie,) Now we have seen that earlier and Jeter 
‘sections of any ane sensible field can be distinguished 
‘and dated. Successive Gels of the same observer are 
‘conceived ag joizing an to eacl ther in the same way 
{in which suconssive sections of the same field are actually 
seated to join up with each other and vo constitute that 
field, ‘Thus we conceive of the total event, that is 
gradually and precemcal sensed by un observes ia the 
fonrse of hia i 
‘tmmporal characteristics 19 those sbort sections of it 
‘which can be sensed as wholes throughout the whole of 
1s single process of sensing. 

‘The particular duration of an observer's Specious. 
Present may fairly be regarded as a peculiarity of 
bisuseif or of his speces. It is known that this duration. 
4a much the same for all men under normal conditions. 
Ibis koown that itis shore as compared with the dura- 
tina of mast events that are practically interesting to ua, 























fa single vibration of an electron—wiich are of great 
scionufec importance. (These statements can, of course, 
‘only receive a perfectly defisine meaning at x later tage, 
‘when the temporal characteristics of physical objects and 
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events have been discested.) {nthe meanwhile it fs a 
fet that we cam easily conceive of Specious Presents 
‘which are longer than our own. In particular, we can 
imagine ourselves replaced by an obserees who ders 
19 n0 respect from us except that his Spocious Present 
covers the whole of ha bistory. Such a man wou! all 
istinguish the preseat from the past and che future, 
and the less from the more remote past. But, whilst the 
distinction between present or past and fstsre would be 
as important for him a3 for us, since it is the distinction 
hetwees something sed nochiey 
present and past would be much fess important for him 
thas for us. With us the sinking of an event into the 
‘ast 1s accompanied by a change in our mode of 
cognising it. We have to cognise it by memory oF 
fnference, if at alls and te further it sinks rato the past 
the vaguer i3 our knowledge of 1 likely to become. 
‘But the hypothetical observer world sense the whole of 
‘past Isstory at every moment, and therefore would 
have the same fll knowiedge of: exrBast pars us of 
those that have only jest become. This ronception of 
an observer with an indefisitely long Specious.Preseot 
is useful, Decause we cmaaee the whole content of our 
itory to be such as this observer would sent it to be. 
©) Newtral Temporal Relatwns.—We have sow (0 
eal with the teriporat relations between sense. of 
Aiflerent observers. Let ws all the whole secies of 
‘sensible Selda which an observer © seoses in the course 
‘ol his ie, O's seseustery. We have woen that, wit 
any sente-hialory, mamentary sections can be defined 
fund dated by Exensive Absraction. We hare now 
10 take into necouat the existence of a number af ob- 
sexvers, each vith his own seosechistory. Our ta is 
to treat the tempocal relations berween a ocraia event 
in one seasehistory and a certain event ia anotber. 
Lec us start wrth the fundemental relanon_of simul: 
taney. This is ilusteated in its most eral sense by 
sensa in the same Seid ; the queston i, how far ean 
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be extended wo a pair of secss, one from the feld of 
‘one observer and the other from the field of another 
‘observer. 

‘We mill begin by pointing out a complication which 
id not arise over spatial relations. When we dis 
‘cussed in the last chapter the meaning of the statement 
‘that visual sesa from several different elds are 
the same place,” it was clear that we were giving = 
dafintion and not a mere tert. This is perfectly evident 
from the following consideration : Two cifferent visual 

ppearances of « penay are at once smmndly presest 
in diffrent places and eptuwlly present in the same 
place. This wold be a sheer contradiction if optical 
and sensible presence had the same meaning. Thus, 
‘when we say that, under such and such conditions, 
two visual seose are optically compresent, the con 
ditions are part of the definition of what in meant by 
ptieal compresence." It in impossible co bold that 
‘optical presence really means the same thing ay sensible 
presence, and that the conditons mentioned are simply 
‘ts, by which we can establish that thie relation holds 
in cases whore the evidence of direct sense-avarenens 
Gila us 

Now, when we deat with temporal relations, and try 
to state the conditions under which two senaa in different 
sense-histories are aaid 19 be comtemporary, it is by 
no means obvious whether we are dgfarng a new sense 
of simuloneity, ox meray giving 2 text by wMch the fact 
‘Of simultanciy, ov the old sense af the sword, can be estab 
lished in cares where it canaoe be dicectly sensed. I 

ink that failure co distinguish clearly these two possi- 
bilities Sas caused much confusion in the writers asd 
ceaders of books on the Thory of Relativity. I ic 
‘very much moce plansible to hold that “‘simultancity” 
always means the same in all {ts applicabons, than to 
‘hold that “‘compresence™ means the same always and 
‘everywhere. For it ig admited that senax belonging 
‘ty different senses of the same observer can be con 
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‘temporary with exch other, in precisely the same way 
in which ewo visual or fwo tactusl sansa of the sama 
‘observer cam be conzeseporary. It is thereforn not 
glaringly absucd to suggest that oema telonging 10 
diferent sensehivtories muy be contemporary la. the 
‘mmo way in which sens in the aume seage-history cn 
‘be wo. Ta that ease the conditions under which cwo 
eam belongiog to different sense-bistories ace sai 
to be slmultaneous do noe deBne » eew meaning of 
4 simoltaneity,” but merely give a est for 1 iy, 
in the old meaning of the word, which we use in those 
‘unfarourable cases where the relation cannot be directly 
vensed. 

‘The only way of deciding between the two alter- 
ativen would be thefliowing: The relation of sonnible 
simultaneity has certain logical characteristion. Foe 
ingeance, itis twasitive, ie, if A has it to B, and B has 
i toC, thea A meceanarily has it to C. Tee found that 
““simuleaneity,” as teated by the conditions commonly 
laid down, did not have all these logical characteristica, 
‘we could conclude that we were dealing with a new 
meaning of " rimultancity.” This would not, af course, 
preclude the possibility that sensa from different sense 
‘alstories have aleo in fact the relation of simulaneity, 
theoriginal xense. But it would show thatthe condit 
aid down were not 2 teat for that relation. And it 
ight tara out that no conditions that we could chink 
of would bem test foc that relation between sensa belong: 

(to different histories, (n that case, it would be a 
_mere personal idioayncraty to hold that simultaselty, 
the original reuse, ever bolds betwsen sensa in differeat 
Ihiseories ; and it would be better to regacd the conditions 
laid dows as defining a new sense of " simulancity.” 
For the preanat we must confine ourselves tothe question 
tf fact: "Under what conditions do people hold thar 
‘cosa from different sease-blstocies are contemporary?” 
‘We may later on raise the question whether these condi- 
ions are simply a test for simuleaneliy, in the original 
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lor whether they define x mew meaning 
will use the vague word deteorae, 
ex both “being a text for” and being a condition 
ot" 50 and 20. 

Under what conditions do two observers In fast 
fodge that they sense two contemsporuy sensa? Often 
‘wo men assert that they both “see she tome fash” oF 
hear the some code.” Hf this means literally that the 
‘oro men sease precisely and mumerically che same tinual 
oF aoditory sengerm, and i their statement be true 
0 interpreted, it & easy to lay down the condi 
‘under which soum from their respective sease-bistoriea 
‘Would be said to be simultaneous. IC A's twinge of 
toothache be seasitly cootamporary with this common 
sensum, and B's twinge of stommack-ache be alo sensibly 
‘contemporary with i, we might may that A's toothache 
‘and B's stomach-ache are meurrally contemporary with 
each atber. 

Now there na davks at ail chat it under ean 
tions of thi kindsthet seam belonging to diferent nense- 
bimorkes are maid to be ‘sionaneoun™ But it will 
‘tke us some time to find the exact meaning of these 
conditions, and t make sure what are the properties of 
‘ siovaltaneity" thus established. Evidently the first 
‘question that ariaea ia: What iz meant by the common 
stemsent that twa obuervers "bear the aasse Boise” or 
‘see tbe same flaah"? Do they mean that they sense 
‘single seasum which is common to tha sease-histories 
‘of both of them? And, whether they oean it or aot, 
is it ever true? As ordinary people do not explicitly 
draw a distinction between sezaa and physical objects, 
it is dificult to say whether they mean that they wnse 
‘common visual secsum when they amert that they #0 
the same dash. But, ax itis quite certain that by wards 
IUke “seeing and ““heariog,”" people commonly mean 
ta cefer to acts of percsiving and not to acta of sensing, 
itis probable that by ‘the same fash" oc “the sume 
‘noise they intend to refer to a common flytice! cent 
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and not necessarily 191 eoesmon sense. In that 280 
no auch simple interpretation of the statement that A's 
toothache aad B's stomach-ache are contemporary. as Was 
offered above, can be accepted. For we should ceed 10 
naw how w determine whether two sens are con 
temporary with the same plyncal event before we could 
Aetermine whether they are contemporary with each 
ther. Now, at present, all that we know is what is 
meant by one seatum of an observer being siarltancous 
nth another imma of hecobserver. Hence todetermine 
nevtral sizoultaneity between two sensa im terms of the 
‘imuluneity of each with a common physical event tells 
tis nothing, since W involves. simulaseity ia x sense 
hich has not yer been deteravined. 

[Let us then ask ourselves what us the exact cash 
value of the statemeot that A and B bear the aume noise 
1 would ike to point ovt at the beginaing that nothiog 
‘that has been said $0 far about sensu and sensible fekds 
prechides ve prsnbviy that one and the same sensvzt 
should be in several sensible elds of cficrent observers. 
‘A senauma is defined as & part of some semble fcld + 
tia clearty leaves open the possibihty chat two or more 
seasible fields, sensed by different observers, right have. 
‘8 part in common. If 0, there are senaa’ common 10 
several fields of several diferent cbservers. Whether 
this ison actual fact remains to be seen. 

1 tainly easy t0 show, subject to ocriaia subtle 
‘quakfcations, that when « number of observers ay that 
ther hear the same nose and that they ace the same 
‘Bagh, thi cannot mean Sock that they all sense the 42008 
auditory sensum nd that they all sense the same visual 
ensure. For, a5 we shati see im a manent, it 12 very 
Aiicalt to recoacile this ew wr all he facia, Let ue 
suppose that [rea piss, and dhat vbere iz 4 number 
of other observers dotted about at diferent places. Ail 
the obtervers, including myself, wall sense a short 
acdnory seasim and a short visual senoum. These 
‘wt be seasibiy contemporary for me; for a5 observer 
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at some distance from me they will only paniatly over- 
fap, the vissal sensum beginning before the audiory 
cone does 30. For an observer sil further of, the visual 
senaum will toutly precede the auditory one, thosgh 
‘both euay be in the stme sensible field. Finally, for a 
very distant observer the visual sensum may fll isto a 
diffrent (and eather) Seid from that into which the 
auditory seasum falls. Nevertheless, all the observers, 
‘on comparing notes, will say that they heard the same 
noise and saw the sume flash. Now, if dhis literally 
means that there is one single visual sensum which 
they afl sense, and one single auditory sensum which 
‘they alt sense, we shall have to old that the same pair 
‘of sensa. can be both sensibly simaltantous, partially 
‘overlapping, and completely separated in time. Now 
‘Mhese relations seem to be mcompatible with each other, 
and. therefore we seem forced to conclude that, when 
several observers say that they see the same Bash a 
hhear the aame noise, dhs cannot mean dovh that they 
sense ove and the tame visual ueasum, and that they all 
sense ove acd the same auditory sensuts. Theoretically, 
it would be possible tn mterpret one of theve statements 
ego that they all wwe the sume Bash) is bis literal way, 
provided we did not mterpret the other (viz, that they 
ait heard the same noise) incrally. But, evan apart 
from the addiuonal facts which have led. physicists to 
ascribe a finite velonty t0 light ag well 35 to sound, 
‘nuch 4 course would hardly be reasonable. If af last 
‘exe of the matemeats, that we ali bear the same nowe 
aaod that we all see the same Sash, must be interpreted 
in some Pickwicksan manner, itr hardly reasonable 10 
‘suppose dhat the other can fe interpreted Hierally. 

Is there any way out of the conclusion that t bear 
the same sound und to see the same Sazh canzot mean 
that a number of observers fiteraliy sense w single visual 
and singleasditary sonsum? ‘So far ax [can see, there 
are atleast Oro alternative ways ia which this conclusion 
could be aveided. One would be 0 hold that sensa can 
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‘be sensed at vacious times after they have cessed to 
Dersst, and thet the further 4 man is from a s0urce of 
‘ound, the greater ia tha gup between bis at of sensing 
Ad che end of the anditory seanum which It senses.[ 
42 nat think that this ix aataticlory aQteratve, foc 
‘reasons which Uhave given catir in this chapter, when 
T ried to jemtfy the view thatthe beginning of = procean 
tf amsing, theoughout which « Gnite event is sensed, 
is conennporary with the end of that event. 

“The second alternative fF 4 mech more Important 
one, Tt it to adopt the usual expedient. which has 
Already been mentioned a3 useful when two exties sect 
to have incompatible relations to each other. Thin 
expedient isto assumye that what bas been taken f0 be 
dyadic celation between these Ura eatin In really 
Inveducibly polyadic. and involves some other term ot 
terms beaide the two entities to question, [tis un- 
oubeedly trve that the samme pair of scnta cannot be 
‘imsltancous, asd parially overlapping, and wholly 
separated, wulh resp te thy arse hug of «ingle 
‘hrerver. "But suppose that this pair of tensa belongs 
to the seasedistories of averal sbaervers, 404 that the 
temporal celatons fa question are really iraducibiy 
{tad Suppose that the minimum intligibe sate. 
rent that can be made about the temporal relations of 
fora seman fn a senae-butory Bs of the form “4, Is coo 
temporary with « (or pardally overlaps tof wbally 
svceneds it, an the case may be) with respect to the 
sears hitory A" To that cave there need be no incon: 
isency in the same pair of senaa being contemporscy 

ith rxpect to one wense history, partally overlapping. 
ith respect to another, aod completely separated wi 
reopect to a thind scone btory. We see then tbat out 
‘tegument from the facts of sound does net conclusively 
Drove thal, when a umber ef observecs say that they 
SI hear the same souad and se the same Bashy they 
{anece all. be sensing pracely. the eame auditory 
Serum nod procioly the seme viel peut It does, 
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however, tig us down to ove of two altematives. Bithar 
this enoclusion must be accepted, or we must give up the 
‘enmmoo-anaee notion that the temporal relations between 
‘the sensa iz the mame sense-bistory are dyadle, asd mutt 
‘aubgtitute for it the view that they are at least iat, 
‘aod that the thind term which is always involved is some 
‘seuae-bistory in which both the sensa are contained. 

Is there any way of deciding beeween these’ two 
akgrnatives? T think chat we can st Jenst ahow that 
‘the uncond ahemative could not stand by itself, but 
‘would need to form part of a general Multiple Relation 
theory of sensible appearazces, The various obpervers 
In my example do not really all sense auditory seam 
which are exactly alike in quality. Both the auditory 
sand the visual sense which are sensed by rery distant 
‘observers are much fxister than thove which are vensed 
bby me and by observers near me, Now, on the vensum 
aor. snes pave nl the ues cat thay appa to 

‘What realy dies in quality cansot be numeri 
ay identical; hence faist sensum cannot be the same 
‘enum asa iood one, however much alike they may 
be ie other respects. | This argument woukl not be 
conclusive aa a Multiple Relation theory of sensible 
appeamsce; because, on such » theory, sensa_need 
‘not hare the qualities thet they seem to have, But I 
tum deliberately ignoring Moltiple Relation theories 
Of sensible appearance in this book, in onder to test 
Sensum theories, as Cardinal Newman tind the 
‘Thirty-nice Articies to see bow mach Catholic Trot 
they could be made to contain. [am at indifferent a9 
Ihe was to she possibility of the abject of my experi- 
‘ment blowing up at the end of the process; for negative 
rimut ace often an valuable ax positive ones. Aoconl- 
ingly, 1 think 1 may cosctude thet, oa the Senmm 
theory of seosible appearance, it canaot be trun that 
whoa a umber of observers say that they sen the 
‘mame flash or haar the same noise they Literally sense a 
single visual or auditory senmum common to all of them. 

















ache 13 going to be a much herder job than it would be 

the facey about sound (and 2s we shall soe later, about 
ight) were difarent. If what we call the same noise be 
mally a group of audeory sensa, the stzaltancity of A's 
toothache and of B's stomach-ache with this noite only. 
‘means that the former is sensibly comtemporary with a 
certain audwtory sessum sensed by A, and that the later 
in sensibly contemporary wich a different auditory sensum 
sensed by B. Lr is true that these two auditory sens, 
ame both members of w group of sensa which are 30 con 














Ihave the kind of properties that we Gemand of simul 
tancty. "The same diffcaty arses if we suppose that 
there 1 kurally oaly ane wudnory seneuzs, which 34 
veamd by bob A and B, and that the relation of 
seonible simshancty is wladic. The fact shat A's 
‘oothache = contemporary with a certam auditory 
senaum with rexpect ta A‘ sense-hstory, and. that 
Bia socuchache is cootemporary with the ume 
suizory sensum with respect (9 B's seane-hiatory, does 
Indeed constitute « relauon between the toouhache and 
te momach-ache. But there seem so particular reatoe 
to expect that this eelauon will have the kind of prov 
pertes that we demand of simulesneny. 

Let us begin by imagining a set of observers who 
tried mo determine neviral simsliaceity entirely by 
sound. We need not seppose them to be blind, but 
‘ee il suppose thas they have no means of producing 
flashes of Tight ewher by ugsiuag comburible things 
‘or by opening and shutung opaque shutters, A 
umber of thers hear what they call she mame solve. 
They all sease shoes custanding 2udizory” seomn, 
‘These are very similar in quality and are connected 
‘with common conte in the way described in the last 
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chapter. They agree that asy pai of senta belonging 
to the sense-histories of different observers shall count 
‘as neutrally simultaneous provided that one 1 sensibly 
‘contemporary with one member of such a group of 
auditory aensa and thet the other ix. sezsibly con- 
temporary with one member of the same group of 
auditory sense, What properties wall neutral sizrul- 
tancity, s0 determined, possess? 

In the first place, ie will be necessary slightly 10 
extend this way of determining neutral kinrukaneny, 
90 as to deal with the various auditory seasa that 
constinte a single noise. If we ace going to allow 
them to have omy neutral temporal relations to exch 
‘other, we must suppoue that they are all nautrally com 
domporery, ow Sail get inta dificulties. For suppose 
that any two sense, 4 and 1 belonging to difcrent 
sense-hustanes, were oeutrally contemporary, as deter- 
‘mined by the present method. This will mean that 4 
is venmibly contemporary with one auditory vensum and 
that 4 {8 sensibly contemporary with another nuditory 
wansum, and that theve (wo auditory sensa belong to 
1 ningle noise. Now, unless we hold that the two 
auditory senga 12 question are neutrally contemporary 
‘with exch other, we shall have to admit that two 
aeutrally contemporary senaa can be respectively: 
sumably simultaneous ‘ith two audhtory sensa which, 
are pevtraly successive to cach other. This doct not 
accord with the yew of neutral temporal relaons af 
{consistent extension of the sensible temporal relationa 
that hold between sensa in the same cense-bistory. We 
oust therefore determine nesical simulianesty, on the 
present methad, as folloes Two senea in different 
sensecistones are neutrally contemporary af (2) they 
are two audilory senst belonging to the same noise 
‘or (8) they are respectively sensibly simultaneous mth, 
two auditory sensa which belong to the same noise, 
‘Would such a mode of determunation be satisfactory? 

Let A and B be cwu observers at a considerable 
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finance apart, and Int there be a bell near A and 
foother bell tear B. Let the strokes of both bells be 
sodibie 10 both observers. We will call them *. 
‘all and “(B's bell respectively. Suppose thet A's 
tel ings and that B bears the Te may happea 
‘hat Bis bell rings at auch a date that be Dears Is stroke 
‘a the same tie as by inary the ste of A'a bell. If 
120, A will bear this strake of B's bell seasibly later than 
the woke of his ows bell. Call A's sensua of the 
anroke of A's bell a A's sesame of the sucks of Bix 
bello, B's sensaon of the gerokn of A's bell ,, und 
Bs of che atzoke of B's bell J, ‘Then by 
definition we have: 

(0) in neutrally contemporary with bss 

{2) 4, [s neutraly contempocacy wits by 
sod, by the terms of the experiment, we have 

(3) bri sensibty contempornry with 6, 
‘Undee these cireuestancen we abou fin that 

4) asin sensibly later than 

Nov, € newtesl siesteanety be fort an exended 

applcatian of manaible simultancity, we should expect 
‘xt (2) and (3) would together imply that 2, is nevirally 
contaporary with 4. Combining this with (1), we 
shoold expect to find that 4, and 
siotaseocs. But this concadicts toe fact stated 
UW). In fact, if we determioe neutral nimuitancity 
this way, we shall find that two mona in the seme 
‘sense-bistnry can be neutrally simultaneous respectively 
wb two seasa in another sense-history, which are 
seasibly simultaneous with wach other; and yet the 
fiat paic of sonm are not secsibly simultaneous with 
ach other, bt ara sensibly successive, Thus néutral 
simoltaseity, determined by this method, tancot be & 
‘more exszotion of sensible simultaneity. Thia can 
aly be got ore if we admit that, when two people 
“hear the same sais,” the auditory secgum of the coe 
‘who i neaser the sourer is neviraly earlier than chat 
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of the one who is further away from #, But, an soe 
as we admit this, the purely anduory determination of 
neutral simuhancity has bees given 
Atermise in purely auditory terme che neutral temporal 
selations between auditory tensa which beloog to che 
dame noise.” We have to introduce wptlal cibanure 
Teck, and the notion of Influesos travelling out frm 
aoureen with a Gnitevelociey. The intizate Hikage of 
Space and Time becomes evident here ns ta 30 many 
places. 

‘So lar then we see tha, if cbsecvesstried todetermine 
eural temporal telatioes by sound alone, they would 
De forced tothe vlew that what they call the same noite 
in a et of auditory seusa of diffrent neutral dats 
these dates depending on che distance between the 
obeerver who senaen a ensue of the group and the 
source of the noise This fact was early resognised 
‘ebout saund for severa! reasons (i) Sound travels so 
slowly that the diiculies pointed out above are quite 
obvious to ordisary observers at reasonable distancen 
apart, and provided with mo delicate apparatus. (if) 
‘Sounds, as we have seen, are not thought of as copBined 
to w central volume, but xs being in all the space that 
surrounds their source. Each observer is thought of 
fs sensing the particular pare of dua physical fel of 
sound which is "where he is atthe moment” Tt is 
thos macural enough to think of this physical Geld ag 
tuavelling out fom the centre and reaching erent 
observers at different times. (iii) Again, the phen. 
fomenon of echoes makes the notion of the valociy of 
sound pretty obvious to anyone, An scbo is guali- 
tatively very much ke the erigine) sound with which 

8 obvioutiy coanected. But it x seperated from it 
‘424 rule, by & iotine peaible interval. “This matueally 
‘uggests something travelling from the observer to 
‘wall (or instance), a0d thee waveling back > him, 
Air) Lastly, we ae not liketbe observers in ost exemple, 
‘We can produce dashes of Eight by various means at 
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Weill Now, if number of observers count fo sens 
2 seutraly contemporary wilh cach other, when each 
is sensibly contemporary with the mame Sazh of light 
that they all sce, they wil aot, im ordinary Ife, get ita 
Gificutes which arse for observes who try to drfce 
‘Seural siruleaeity by mea of soxnd. But of course, 
‘if hey do thi, they wall be obliged to recognise that the 
varus auditory seaaa which they sease when they say 
that they all hear the same noise are act newteally con 

in fact, by a combination of ight- 
faignals that the velocity of usd ia 
seenecaly measured. 

‘The next step tat naturatly suggests iif is to 
etermine the neutral simulaneity between (wo sense 
in diferent sense-istries, as the relavon which holde 
between the two when exch is sensibly contemporary 
wih some sensum of the group which onsttites & 
Single Gaal of ight. If we adopt this method, we shail 
Ihave 1 begin by extending i slightly Je the same 
direcuan, and forthe mame resoos as we extended the 
auditory muthod. of detecmizing, neva! simultane. 
‘That is we shall have to assume dhe two visual sense 
‘belonging to the same fash are woatraly contemporary, 
or we shall get into Gicultes We may therefore give 
the following at the visual defeition of neutral simile 
taneny: Two senss, beloagiog to diticrent seuse- 

jatorins, are neatrally contemporary, af (1) they are two 
sual sense ofa group which constitutes a angle Sash ; 
(0) are respectively sensibly simultaneous with to 
‘sual sensa which belong to such a group. 

“There ig I think, no dovbe thar this ia the way of 
decersining neutral’ nmalianaty, wilh which we all 
swork in practice, exept in extremely delcae scietifc 
snesigaions or un cases where distances ofastrovomica] 
‘onder of woagniiuée are under decuason.  Nevertbeless, 
‘weal nov that no sciatiat would aceptiras wEmatsly 
saursfatory. He would point to the lacs which are 
alleged to prove that higat wavcls with fiir velocity 
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‘as a conclusive objection to the definition. The anser- 
dom that light travels wich = finte velocity implies, 
exter aba, that there 12 an extremely important seas 
Which the various sensa of observers in diflerent places 
who sce the same flast are not simultaneous but suctes- 
sive. The above definition of neutral simultaseity is 
therefore unsanafactory, because it leads us to call sensa, 
simultaneous, which are i gome very important, but as 
yetundefined sense, successive, 

‘Let us thea consider this defiatbon and the facta thet 
ture held to render 1 inappropriate. In the fit place, 
there are two things to be said snty favour: It io not 

wevlar, and it does not dererly confict with our 
Judgments sbout sensible tempora? relations, 13 dhe 
lanemptrd auditory definition ard. [¢ would, of course, 
‘be circular if we could not define what we mean by "th 
ame flash” without introduciog temporal eelaions 
between wenka in differeat sente-bitones. But we can 
Aafine *the mine fash without thus. A number of 
observers may be sad to see the aame fash when the 
following conditions ace folflled: (9) Each 1s aware of 
a rnple Outstanding visual tensum of very short dura 
ion, (i) These sensa are all qualitatively very cruch 
like, (0) They are all optically compresent at a 
‘common centre, in the nense defied 1a the last chapter. 
(The firs: condition seems to be enough to secure that 
‘we are all dealing with a single fash, and that dlferent 
observers are not seeing similar Dat successive flashes. 
For, if successive ashes were being: seat out, some at 
least of the observers would sense two oF more qualita. 
tively similar sensa which were sensibly successive.) 

‘Agaia, there 1s nothing 1 our hgbtexperiences (0 
‘correspond w the case that we adduced of two divant 
observers hearmg two bells, snd ove of them finding 
Tus auditary sensa sensibly contemporary, and the other 
Ginding the auduory sensa beloaging to the swo noises 
sensibly sveceseive. We can only deal with pairs of 
observers sepersted by distances of & few miles; and 














8 SCIENTIFIC THOUGHT 


foe much distances there is no congict between sensible 
‘temporal relations and nevizal texporut relations ax 
determined by light-afgaas. 

Tt ia therefore possible to determine cutml simul 
taneity vinally without commining a ciccle and without 
conflict with any judgments of seasible simuitancity 
‘that we can make. The conflict is with the facts that 
‘prove that light has a Site velocity. What are these 
{acts apd what do they prove? When people aay that 
light travels with a fini velocity Uhey mean that some 
‘change mores from a distant centre to the observer and. 
thu his viaual gensum beging as s00n as tha chan 
reaches bie and goes on tilt it canges to reach 
By a single flash they thi of a single event at the 
source (ag, the opening of « shutter) and dhe change 
that travels. out from tbls, Let us consider the facts 
‘and arguments which are supponed to prove this, We 
may take three typical examples, These are Fiseau's 
experiment, with u rotting cogwheel and miro) 
Romer’s argument from the times. that apparenty 
lapse between suconssive eclipses of & setellie of 
Jupiter; and Bradiey’s arguesent from the shift in the 
‘appareet positions of the fixed stars. These. three 
arguments are placed in oréer of sioplicty. The first 
beeps the source and tbe observer relatively at rest for 

‘and literally consists in. producing 
‘Hight-echoes," and showing thet these 1s a telapee 
between thest and the fash of which they are the 
Sechons" The second depends on the fact that an 
‘cenain source are at dierent dirtances 
spurt at diflereat times of year, The last depends 
oa the relative oxlaaty of source and observer, aad 
belongs rather ta the subject of the next chapter than 
to the fimuts within which we are at present confining 
ourselves. 1 must state as shortly a3 poaaible the 623 
fon which these arguments ase besed, 20 that we may 
‘be ablo o vee what exactly they assume in order 10 
each their conelsaion, 
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(6, Fines Raparinent—Light s nent tbrough a hole, 
in font of which s »copwbeel. When one ofthe tet 
cf the wheat is ia front of the gap, light cannot pass; 
‘therwise i oun. The light travels some considerable 
Alistance, and is then elected back slong its old course, 
and the image is viewsd Com behind the cogwbesl. It 
the pauage of the fight betwace the source and the 
mirror and back again be ingantaneous, che image ill 
be visible, oo mutter how fast the cogwhee! revolves | 
for if mo tase bas elapsed, the cogwhrel cannot have 
moved any distance since the fash left Sand befoce the 
light rturaed to i The gsp cannot, herelore, have 
become abut, in dhe mannii, by the rotation of the 
cogwhoel. But if any Snite time clapsen becwoen che 
<eparture wed the reiaen of che Light, i wast be posible 
12 cage the original gap w be repinced by the next 
tooth by the time chat dhe light retcrus, provided that 
the cogrwheat bas moved fat enough. to that case no 
mage willbe sco. If the spend of the wheel be nom 
{ceased enough, tho image ought agin to be see0) 
tinen the whe will have tarned vo fain the Sram ten 
by the passage of the light that the next gap will be in 
‘position to admit the reflected baum when itreauray, Tt 
1 found that the image can be made to disappear by 
rotacing the wheel fast esough, that i can be made to 
reappeet by rotating the wheel taster, and that the 
‘wheel needs 10 be rotated faster and faster the wearer 
the micro is the source, in order to make the image 
lsappenc. All chese facts are what we chould expect if 
the reflected seanunt depends on the pamage of some- 
thing with Gnite velocity from source to mirror, and from 
Inivtor to observes, aad begins whee this something 
smaches the observer's eye, und does tot end til itceases 
10 reach bie eye. 

Tis clear that the cenalt ofthe experimeut does aot 
toear diraaiy on the question of the nextral temporal 
selations berwacn (wo seam of observers who ac6 the 
tame Gash, For we are actually deallog with a single 
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sensum (the reRected image) of 2 singte observer. The 
connexion, however, is this: It is argued that the result 
of the experiment shows that any visval seosum begins 
‘whea something that has started from a source reaches 
the observer, and thar this something takes » finn 
me © travel, The wanous visual sensa that together 
constitute a single ash axe simply those sensa which 
begin eo be sensed by various observers when something 
that left a source at a certain mament reaches them. If 






portant sense in which what is called one ash 
eoup of memunive sense. It would, therefore, be in 
venient to devermine neutral siroultaneity in such a w 
that all the sense in & single flash would count as 
neutrally simultaneous. 

‘Thus a single flash of ght comes 10 be treated a 
set of successive sense, because different sensa in the 
ee are held to be cormelated with different stages im a 
certain process of transmissibn from the vourre through 
tha nurroundoag Space. 

(i) Romer: Argument—The earth and the planet 
Jupiter revolve about che sun in approximately the 
‘same plane and appeosimately in circles. Jupuler has 
a mach larger orbit than the earth, and iakey much 
longer to complete it. Thus, at certain times, the to 
‘are in the position shown below, 


a 














and at other times they see in the position shown below. 
‘The first is called 2 comunction and the second an 
opposition. 





a 


Jupiter has satellites which revolve rouad it a the 
‘moon does round the earth. When 2 satelite moves 
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Into the shadow on the far side of Jupies from the 306, 
it is eclipsed, and becomes iovisible to us. Naw it 
is fouad that the auesber of eclipses that take place 
between a conjunction aad te next opposition is the 
same asthe momber that uke place between an 
‘opposition and the next conjunction. Bist bere is 
quite & marked diference (about 33 atinutet) between 
the rotal times tbat elapse from the Srst to the last of 
thexeecliptes ia the wo eases, 

‘Now the eclipse of a satelite is comparable to the 
shutting of 4 shuter. The movement of the earth 
fesqutes that the observer on iti at diferent dustenons 
from this abutter at difereat Uimes oF year. He is 
nearer to it at the ume of coajsnctioa than be is at the 
time of opposition by the whole diameter of the earth's 
orbit. If we suppose that the visual sensuza onases 10 
Peri as toon ar the shutter 1 cated, we can only 
explain the acts by supposing  penodic change ta the 
Lime of revolution of ihe sateline. This would be 
extremely dificult to &t in with the facts that we believe 
about the laws of mechanics and the forces acting oo 
the satellites. 1f, however, we assume that dhe visual 
sense-bject persists alter the abutter it closed, for 
time hich increases with the dimance between. the 
observer and the shutter, we cam fully account for the 
divergence of 33 minutes, without needing t sappore 
that the periodic time of the satelite changes ax Jupriar 
Progremes in 1 orbit. The tive-lapse berween a0 
feclipse and the ceasation of the corresponding visual 
senseobject, which ig neceasary to atcount for the 
33, mates! discrepancy, can easily be calculated ; 
and, ifthe madius Of the art's orbit be known, the 

locity of light can be determined. It is found to be 
approximately the same as that dedoced from Fieenu's 
experiment. Here there is 0 complication about 
mmirronimages; we simply have a souror and an 
observer which ace at different distances epert at 
igerent times of yea 




















lzectly on the question whether it 42 appropriate to 
Gatcrmine newtra! simoleancity io such a way that the 
various sense which constitute a single flask of fight 
shall be all neusraly contemporary. We are net deal- 
Ing with ewo abseevers seeing 2 sicgle Bath; 00 the 
soatrary, weare dealing with a single observer who aces 
three dierent flashes (i an eclipse may by courtesy be 
called a flash) at widely different dates in bis hisocy. 
‘There is, however, wn indirect connexion. Th 

‘that you must either abandon certain vey 








occurrence of visual seas depends on the motloa of 
soqething Gom the source tothe observer. The visual 
senveodject lass v0 long as any of this something 
meets the eye, no matter what may have happened 
‘tw che source In the meanwhile, On this assumption, 
‘you can sccount for the facts without abandoaing tbe 
famauiac laws of motion, But, as before, if you make 
ths saremolca, roe wast sxppans tit what vy 

flash is a group of sense correlated with 
Seine wiges is ste pooen of eacelasee of te 

‘And, on that supposition, it is nosatis- 
fhetory 19 determine nevtral simultaneity by a method 
which presupposes that the various senee which belong. 
toa single Gaah are nevtraly siansltaneoos, 

"Te Aberration Argoment-—It is found that, st 
the fixed stars be observed night after night, theie 
fapparent positions undergo a periodic change. Each 
eaeribes closed curve in the courn of a year. Now 
the epparent position of a star is of course, the optical 
place of the visual sensu which is au appearance 
ws of che mar. The direction of this place will be 
determined by the direction in which we have to point 
‘our telesoape ia order to bring this visual sensu into 
the middle of our visual eld. Now, af course, we might 
‘suppose that all the Sed stars are deseribiog closed 
curves in the Gime which it takes the earth & move 
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But this would be a most exiraordinary 
sats of afuir, and ic ig not one that we readily accept 
Now it happens that the fucer can be quite easly ex 
lalned om the same assumption ax before abost ight. 

Let S be & star, nad tat the Ene OO represent the 
course of a moving observec with a telescope. In the 
first Ggure we will suppose that he is porting his 
telescope at the physical place of the star. "Ata certain 
moment ict his postion be O, snd lec fight from the 
shar have reached fy x point in the mudde of the far 
and of his telescope, At a slightly later moment let 
bis poaition be Oy. The fight will then have got to 


ia 


In its original scaight line, and will no looger be passing, 
dowa bis telescope at all.” It is clear hen that, if the 
moving observer points his telescope at the plytcal 
lace of the star, he will see no star at all. Suppose 
‘now that he tis his telescope forward by an appropriate 
‘amount in the dicection of his movement, Let Oy Oy, 
‘0, O, represent four successive positions of the tele- 
‘scope, and As fpf fe the four corresponding. positions 
in the courge of the Tight which is travelling from the 
sniar, It ig clear from the Sure that the Light will pess 
down the telescope and meet his eye, provided that he 
alopes the zlescope forward et a angle to his course, 
whose tangent is c/o, where ¢ is the velocity of hight 
land 9 is that of the observer, Now an observer on the 
earth is moving with it in the course of a year round 
1 closed curve —the exrth’s orbit—with considerable 
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velocity. Te ig thus easy to understand that, although 
the physical place ofa sar remains constant, the optical 
places of the vensa by which the star appears to us will 
‘wry {a the coarse of the year, and will repeat their 
vanations over and over again in thet period. From 
the speed of the earth ia 3 orbit and the amount of the 
aberration of a str, it is easy to ealealate the vei 
of light. [ei once more found to be the sae, 
the limits of experizeatal error, as that found by Romer's 
snguesent and by Fizeau’s method. 

“This argument is of particular interest to wy sot 
smerely in connexion with the question of neutral dating, 
but also a3 reinforcing the distinction that hs already 
been drawa on other grounds between physically and 
‘optically occupied places. We Introduced that die- 
tinction originally because of facts wbich are found 
taarise when the mediuzs surrounding 20 observer is 
now-homogencous. We sow sce that the optical place 
‘of » visual appeacance asd the physical place of itn 
source may be dierent, even when the medium in 
Thomogeneous, if be source and the observer be in 
reintive motion. 

‘Lat us now consider what these argumnsts have ta 
‘wach us.) We see that three eximorly diferent 
fines of argument teod to the conclusion that visual 
‘nonsa are connected with something that ia transmitted 
fram a source to an observer with a fcite vel 
‘And they al lead to approximately the sume numerical 
value for thia velocity. Now, in each separate case, 
there ia no doube that the facts could be explained 
without ting this pardcular view sbost light, provided 
‘we made some other assumption. But, in the frst place, 
‘ach of these assuziptions would conflict with some Jaw 
fof Nature which haa been wellestabtiahed in othar cases. 
‘And, in the second place, these asramptions would be 
ice disconnected with each other { each would be on 
spandent piece of “cooking.” On the other lend 
wi single assumption ax to the aatore of Bight explains 
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al these very dierest facts, and reconcies them with 
the esublished natural laws with which they would 
otherwise conflict Thus the hypethesis io question is 
astablished about as solidly as any scientific hypothesis 
can be. ‘The simple-aninded acieotist may think that 1 
have nosdlemly laboured this point; bur { have deliber- 
ately insated on it, because 1 kuow that some eminent 

‘hilasophers, finding that the finite velocity 
tains the white zadiance” of their theories of 












Gi) We notice that the finite velocty of light i 
‘never proved directly; but always by the argument that, 
unless it be true, certais observable facts will not be 
reconcilable with well veried laws about the moon of 
snaite ‘The only direct way (© verify the proponition 
‘would be for two observers to stand at distance apart, 
see the same flash of light, and find that their respective 
visual senaa were not contemporary. Now cere ia both 
8 practical and x theoretcal diéeulty about aay such 
experiment. The theoretical difficulty is this, The 
‘wo obaervers would need to be provided with some 
means of marking, and thus comparing, the dates uf 
theie respective venta. Suppose thatthe means adopted 
‘wore two mop-watcher This would be useles, untaxs 
they had reason to suppose that the two watcbes agreed 
in their mero points and were going at the same rate. 
‘They might, of course, set the watches in syochroniem 
‘when they are both together; but wbat guarantee have 
they that they will remain in eynchronise when one 
has teen carried « long distance avay? To aimme 
that they do, Ie to make an assumption which is con- 
tradicted by quite gross experiences. To tst their 
syachronises aber they have bees separsied, can only 
tbe done by means of tight ar electrical signals; and 
‘here is obviously a circle ia setting two watches by light- 
signals avd then using thea (0 teat whether two vizual 
peoss belonging to the same Gash are contemporary oF 
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auccessive, ‘The only way outof this dificelty would be 
i both bervers could observe a cerain pair of dashes, 
and if one of them abould Gnd chat hia ewo viewsl esa 
were sensibly sicsultaneous, and the other shou'd Sind 
that his cwo viscal sonas were sensibly avecesxive. But, 
in pretice, this cannot be done, because of the great 
valocty of light and the fact that the only observers 
‘who ca compare notes with each other are confized (9 
the earth's surlace. Thea it seems clear to me that the 
neutral simultancity of visual secaa belonging to the 
same flats is denied wholly and solely because it con- 

ita with another system of dating which depends oa 
ceraln alleged lama of motion. 

(Ud Tei evident that if we accept the view thatthe 
various sensa belongingto the same flash are not neutally 
simultaneous, we shall have to admit either that two 
en which swum siraultasaous may aot really be 30, oF 
hat two sens which are neutrally successive may’ be 
senuidly simultaneous The latter altereative would 
ppreveat neutral temporal relations (som being consistent 
cextennions of seasible temporal relations, and we shall 
therefore not take it, ualeas we wre forced tado.o, Now 
thece is nothing in the Sensuia theory of seasibla appear. 
tance to force ux to the second alternative. A sensum 
belonging © a certain fash aod a secsum belonging 
ta its roflacted flash, seem 20 us to be sensibly simul 
taneaus IC the playsical theory of fight be accepted, the 
lager is neutraliy a tte Inter than the former, | But the 
sensible simsltaneity of two sensa only means that each 
eamctly overlaps the otber i their common sensible 
Beld, Now the notion of exaciness always involves a 
‘egative Gacioe 5 it moans that we part ofthe one sensi 
sticks out beyoad the end of the other. And we sam, 
when dealing with the general theory of sensa, that 
there is no reason why ncpotree judgments about vensa 
should be infalbie. Thus, t¥0 sense say often seem 
tobe sensibly quite simlancous, whea rally one begins 
‘Ute later and ead a lite Inter thaa the other. 
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‘We see then that the question of a neutral dating of 
‘events in different sraze-bistories leads inevitably to dhe 
{question of motion, whether it be the tzsmission of 
‘those changes which aze conzected with sound and fight, 
‘ar the mation of ordinary phyeleal bodies though Space, 
‘Thus the separation of Space and Trme, with which we 
‘sated, which has been wearing thinser and thinner a3 
‘the argumest has advanced, has now broken down 
akogether. This does not mean that there is co difler- 
‘ence between temporal ard spatial relations; but it does 
mean that it is impounble to apply the concept of a 
single Space to Nature without refering through Motion. 
to Tams, and that ot ia equally iarposuible to date the 
events of Nature in a single Time without referring 
Unrough Motion t0 Space. Aad this, it will be noted, 
Je one of the chants featares of the Theory of 

vit 








12 want to determine meutzal temporal 
relations between an ovent which ss 1 my sense-bistory 
‘but not in yours, and an event which ia in your seus 
lhitory but not in mine, ke only possible way poems to 
bbe 10 find something which a common to the sense~ 
histones of both of us, and to determne the neutral 
‘temporal relations between the two ‘“private” evests 
by means of their respective sensible relations to this 
public" event. At first sight this secms perfectly 
plain sailing, since there are events, like noises and 
fiaghes, which are admittedly “public” mx way in 
‘which headaches and toothaches are not. If it were 
eaily true that, when we say that we “hear the same 
‘ise or! see the same flash,” there sa single auditory 
oF visual seasum in all our sense-histories, 
easy to determine neutral simuliancity 
And, since it would bave the same logical propenies 
4s sensible simultaneity, st would be ceasonable to hold 
‘hat it is really the same relation, and that the pro: 
posed method of determination a simply @ tet and not 
8 defntion of a new kind of relation. But, although it 
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is ot pealy impossible that a single sensum might be 
‘2 number of diflerent sensehistories, closer observa- 
tion of the facts asks it almost mapossible to believe thas 
1 noise or a fash really isa single sensu. Moreover, 
seems impossible wo hold that x is even a group of 
contemporary sersa. Thus, such methods of determina 
tion, though practically useful for most purposes, owing 
‘to the sonsidecable velocity of sounds asd the very great 
‘velocity of light, ace mot theoretically satisfactory. 














Terpeenl Oearacterietion of Physical Rvexta—The 
fanber developaent of this subject must be ef to the 
meta chapear, but (1 possible inthe reach 
fay srsathing aboot the durasions and dates of physica) 
objecta and events. A siege fash of Hight or x single 
Boise cay be ealied a perepaie phy event. Whi 

‘an says that he ses» Bash of Light be does not mean 
either (a) merely that he senses x ceratin visual senso, 
OF (4) that he ses the movement, «fof un election at 
the source which ix responsibie for Uhe fash. For (9) 
The adults that other people can vec the sume fash, 
‘whereas we have found reason to think that two people 
‘Who see the sume Bash do oot sense the same Visual 
sensurn. And (0), so far from adriting that he saw 
the movement of tbe electron, he would say that this 
place on the authority of a sciestie theory which he 
oes not hiself understand. Thus, o sea fash ease 
something ‘are than to sense a visual sensum, and 
something, partly more acd party ina, chan to peroorve 
the mouoe af ax eleczon. Aa angel might percelve the 
motion of the electron acd see ne Bash, wlgt 4 man 
cot the lash and dots ot percsive the motion of the 
lection. Seving the Rast involves sessing the sensum 
424 alvo something more. It involves the excitement 
of eaves cponectad with sumular experiences inthe part. 
‘These may or may aot acually produce the explicit 
porerptual judgment shat other observers are sensing 














‘tnd chat same movement bas happened in that place, 
But, whether thee judgments actnlly arise of not, the 
‘baecver will tnd to behave in a way ts which would 
ba reasocable to behave 4 he bad explicitly made these 
Jurgments ICauch judgments be not ruein« particular 
‘an, we say that the observer tx maken in his belief 
Uthat he fig seen a Sash of Tight, even though be has 
sensed short, bright visual senaue. Thus « man 
who "sees sar,” Deoause be has hit his head against 
‘eases «bright visual sessum, but would be 
imelt and others if he suid that be had seen 
flash of tight. 

‘A perceptible physical even, fike a fash or a noize, 
nay therefore be deGined a5 4 certain group of seni 
Iaving certain similares to each other and certain 
ieutra spatial relations. Nearly always they will be, 
in some sense, compresest ata cevaia place i= Spare. 
We bave sen that, asa rule, chey will vat all be 
neutrally simultaneous, but that their neutral dates will 
Aepead opoe the postions of the vavious olmervers who 
sense them. To. perive such a. pereptibie event 
Deana (e}to nse « sensu belonging t eveh « group} 
and (8, in consequence of the taces left by simular 
aperiences in the part, ether explicitly to judge that I 
3's member of mich & group. of 10 act aa is would 
De appropriate to act S€ one ad explicitly made this 
Sodgment. 

(a) Dawa of Percpible Physcal Booun—Now, since 
1 perceptible physical event consist of w number of 

oan of diferent neutral dates, itis obvious that the 
‘Gueaion: “What in the date of « certain perceptible 
Dhyvical event?™ ean oaly be answered in a mare oF 
fom Pickwicklan manner, To give soy aobwer U2 it 
wwe must aotice the two following facut The seutral 
dates of the senaa in auch a group are 90ne of them. 
cartier than the date of a corain physical movemect, 
Such ae the opening of a abusar. If we include Ia che 
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flash not only actual aensa but the sensa of possible 





‘The second poist fo notice is that, where a group of 
sess bave Inter and later neutral dates aa the observer 
is further and further from the souree, the senax 
‘question are fainter and faster. Thus the dates of the 
3ensa which constitite a zingie aoise approach « Unit 
‘where we are dealing with an observer 20 remote that 
‘be can only Juse sense « easum of the group. This 
does not give an abeclutaly sharp date which may be 
‘taken a3 "‘the date at which the perceptible physical 
srt end" Because the question of the dllerent acsie- 
ean of diferent observers comes is. Still it ia car 
that in this way we could éefioe approximately the 
which ouch an event ends. The dunttion of » 
perceptible physical evest may then be defined as the 
‘me that elapees between ies beginning and ies end, 

) Relative Dates of Act ef Pereiving and Event 
Perceved.—Next we see at, although the beginning 
‘of an act of sensing may be regarded as contemporary 
‘ith the end ofthe sensible fed that in wensed through 
‘ut the whole of i, there ia not the sazze simple relation 
betwees the datr of an act of perceiviog and the date of 
the physical event perceived by it. This 1s obvious, 

ce there ix nothing that can appropriately be called 
the date of a percepuible physical event. We may 
reasonably identify the date of an act of perceiving 
with that of the act of sensing on which it Is based, 
So that, ia generai, al we can say is that an act of 
perceiving is later’ than the begianing and earlier 
than the end af the physical event that i perceives, 
It is very common to suppose that ax act of perceiving 

nut be contemporary with tbe event perceived. This 
i, of coutse, a mere mistake, de to = cocfusion 
between an act of sensing, whose objec is = seusum, 
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od an act of perceiving, whose object is physical 
vent. 

‘There i one more confusion to be pointed aut 
‘wafore we leave this subject. Je might be suid ** Does 
sot m physical event, such an a Back of light, persist 
for nur coee it has saried?” Tanwar that the move- 
‘ment that iz tmnamitted Grom the source and Is corre 
laged with che various visual senna of the group, may 
very well goon for over, But this movement, of whal- 
ever nature it may be, # not the Gash of ight. A Hash 
Of Tight ia a poregpeble object; tho movement ia. the 

hari not percepeible—by ua at any rate. It inmerely 
silly to aay that a corain perceptible eveot lasts for ever, 
frecaune a certain immperoepdible event, with which ia 
clonely connected, does 10. 

(0) Snunisfe Eoets.—This nacurily brings us to 
the quention of the dates and durations of tmperapttle 
physical events. We know that perceptible physical 
vents, such as Aashes of Light, are supposed to be 
{intimately consecied with movemests of electron 
changes in te ether which we cannot perceive. 
‘are much moce important cheoretially to tbe scientist 
than perceptible events. The epistemological relation 
Derween the two is the Gllowing: It ss by obuerving 
and noting the relations between perceptible events 
that we infer the existence of thesn izperoeptible events, 
‘which, following Whitehead, 1 wil call xseuijfe seus, 
Instand of satiog the laws of Nature as direct relations 
between perceptible events, we analyse these relations 
imo the relative product of two diferent kinds of malar 
tons, vino) hove of scientific events wo eachother, and 
(2) tone of slentic events to perceptible events. ‘This 
‘process adears 10 be indispensable, if we ase to deal 
‘tafacecily with Nature at al, The celations between 
perceptible events are very complex, and few simple 
find invariable laws cau be mated abowt them. On she 
‘other bund, the relations of imperceptible events to each 
coher and to percoptble events are censonatily simple, 
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ted laws of very wide range ce be stated about them, 
We can then use these hypotbetial tems to predict 
‘what peroeptble events willbe perorived under assigned 
perceptible condisions, In x0 far as. the predicied 
‘Events actualy take place, out bypothesis about imper- 
copsible events and their laws is srengtheced. 1. ia 
very any for 4 scientist, who consantly deals with 
sciemigc events and sees theit great practical and 
fheocetleal Importance, to fall into the misake of 
supposing that dhey alone are “real” Tai 

fervor, The acta! pasition is chia: The eximence of 
sensu is absolutely cera, and those positive wensible 
properties which they seem to have they oerainly 
ave, if the Sensum theory be acoxpind at alle The 
existence of some perceptible physical events is prac- 
tleally certain if we are propared! to nooop che existence 
of ether obsecvers and (0 believe what they tell us 
out theie sense. But, io any particular case, an 
‘observer wh thinks that he perceives corsin phyvical 
event may be misaken. For be may sonse 2 sensi 
of A cerain kind and mistakaaly suppose cat it is one 
‘fa group of connected venta, whee really it in * wild 
ted “aaa. Lastly, since imperceptible physical 
events are only aasuied ia order 10 Gill the gupa 
between the varloss senaa of single perceptible events 
And to counece diffrent perceptible eveats with mach 
ther tis clane thar our certainty that there are uch 
{id auch imperceptible events canzec Sogically excued 
four certainty chat theee are such and suek percep: 
Wie ones. 

‘Thorn in a connecting link between purtly paronp- 
fibla events, Lee Gashes of light, and purely aciotilc 
events like the movements of elecitone and ecberowavas 
‘This Kok isthe eqperered parts of perceptible events. 
‘WedeGzed a Gath as « certain group of visual seam, 
and wo sid that i duration was the time that elapens 
between the caries and tho tates of these sensa. But, 
‘8 mur be admltiad thatthe rally impertat point about 
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perceptible events ig not the acual senox Sa the group, 
bat the pousible sense. Actually only a few Of the 
tensa in such groupe are sensed hy anyooe, and Ik may 

‘well happen that only ove of them is sensed. The 
Perceptual jadgment dors not anvert that otber nena of 
the group art sensed, but oaly chat they wuld be by 
any observer suffcieatly Tike ourselves placed in any 
suitable position. Thus the cash value ofthe statement 
thax peceeptible events persis, even when no one happend 
to sense any seunumn of the group, im tht whuirer & 

ble observed i peesent at any postion in a cecal 
spatio-temporal region, he will nae a mecaber of the 
Group. We are not content with this merely Bypo~ 
Motion anserton. We aaautae that if amy obServet at 
«any position of & certain spatio-temporal region will 
Aense a sensum of a ceria group, this siust be because 
something independent of ail observer going on at 
442 positions i this region, This axsomption esta 
partly on our passion for spatio-tempora) continniy. 
‘Whee there is a close connexion between events I 
different places and of diferent dates, we fee! that the 
fraps beowees them smut be filled in somebow. And 
this conviction is strongly reinforced If we find that 
ay observer who takes up his position ar random 
‘within the spatiosemporal region in question equally 
senses a member of the group. 

‘We must notiee, moreover, that che presence of a 
observer is foucd to be icrelevast to most chains of 
Physical causation. If { put a kettle on the fire and 
swatch both, the perceptible event of the Sre burning 
in followed after a cerain time by the perceptible event 
of the ketde boiling. If Tand all other abeervers go 
aray fora time and then retsmn, we Bnd that the beta 
‘has boiled after the same lapse of time, These and 
milions of other experience show that the gaps 
baween the sens belongicg to x perorptibie eveat 
are filled by something that prodnose just the same 
tices ag if we were prseot. Toun evea at the level 
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‘of commas-sense, a pereeptitle physical event is thought 
‘of as.a group of senaa connected by events that goon 
in the abseace of observers. Common-soase is very 
vague as to the natere of these usperceived parts of 
perceptible events { think that it generally supposes 
ine rather halthearted way that they are of the oxme 
ature as the parts that are actoaily seneed. How far 
such a view cam be maintained cannot be decided uatit 
‘re have dealt with the physiological condisions of sana. 
‘Bur, at any calm, we can say that st seera exscntial 
suppose that zamecking bridges theae gaps; and science 
professes to determine more aod more ascuraialy the 
‘ature of this something. Whether ic has the properties 
(of santo Rot, it carta has the propertin of scimyfe 
vents, sabject of course to the ponsbility of scientSc 
theories being wrong on points of detail. 

Tn the last chaptor { said that scientific objects are 
onotived io have shapes and t0 occupy places {n the 
‘movementcoatiauum in the same sleral way in which 
vigual secsa ace imazediately sensed to have thapes and 
to occupy seasible places in their Selds. In fact, the 
concepts of what 1 will now call Scifi Spoce und 
scientific physical objects are constructed together in 
fan inseparable unios. ‘They are conetructed on the 
fnalagy of seasa and thei feids ma of data derived 
from the sense-expencaces of many observers through 
varlous seases and at various times. Exactly sumer 
reauatio apply, sulehs matendis, 10 the concepts of 
‘what 1 will call Scioeyfe Teme and scentiéec evests. 
Scieotisc Time is conocived by analogy with © se000- 
blatory ; scien events are conceived to have dates ia 

fic Tie as sensa have dates in the sense-history 
of the observer who senses them ; scientiSe phyeess are 
‘conceived to heve duration in Scientific Time as sense~ 
objects bave duration in a sease-history. There is one 
Gideresce, however. For reasons already stated, it ia 
lmspossible that sense abould literally occupy places in 
scientific space, though it may ot, of course, be les- 
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possible to construct a spacelike whole of are than 
heee dimensic pick senea of all kinds, and 

tific objects, literally bave places. If'so, [ suppose 
that Scientific Space would be one kind of eection of 
‘much a quasisptce, aod «g., 2 visval field would be 
‘another kind af section of the same quani-space. But, 
if such a coustroetion can be made at all, I, at any rate, 
fam not capable af dolag the trick. On the other hand, 
it la no obviomty apna at soum shoald inal 
shave dates and durations in the mame SciestiSe Time a 
‘clentiic events; for, a8 we have sees, tecaporal relations 
‘are much moce pervative thea apadal relations, The 
cieatide dates of seman would seem to be the dates at 
which certain scientific events kappen is the brain of 














the observer who senses these sensa. Unless there be 
‘tome positive inconsistency between the tamporal rele- 
tions of such scientiSc events and the seesible temporal 
relations of the corresponding sensa, there seema 20 
reason t reject the saree view thar the tempora) re- 
ations between sensa in cur own sense-hisinry, with 
‘which wa become scquaicted through sensation and 





Davasion of Phyzisal Objecta.—We bave now said 
ail that can be sald with profit about the dates and 
durations of physical events before dealing with motloo 
sand the anion of Space wich Time, It remains to say 
souethisg about the durations of physical objects or 
things.” A thing, as we have soen, is simply « loog 
erent, throughout the course of which there ix other 





together with 2 characteristic spatiotempora) unity. 
‘Avsenseobject, as defined eazlier is the chapter, is az 





‘example of mach « long event: thougt, for reasons which 
‘will appear in a coment, it would hardly be called a 
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" and i is ceraialy not “physical.” Thus the 

Ting between events and things cannot be 
vary sharply deawa in theocy. Nevertheless, we oan 
draw a rough pmctical distinction, and i 13 useful 10 
do #0, in order mot to depart 100 far from cootmon 





(e) Perapteal Objet —A fash of ght would be 
called a perceptual eveat, but nat x perceptual thing or 
object. ‘Thi is beeause each person who scex the lash 

-ases a slagle shor senaum, and not a series of naa 
fn avocessive fields which jain up with each other 10 
form a senso-object of decent daration. This in tue, 
aithough, aa we have seen, the fash itselé as a per: 
ceptible event has considerable duration, which s1ay 
‘tend to thousands of years, Thus one point about a 
perceptible object ix that it must be capable of being 
Serocived foc along time by the same observer. And 
(his means that its appearance to him anust be not 
smctely u zum but a saanebins, Again, a perceptible 
thing Is always understood to combine « umber of 
connected qualities which can only be perceived by 
ifferent senses. An observer ight see a mirror- 
Image for 4a hour at « time, but he would never sy 
‘that be was aeeing a physical objec, so 1ong as he knew 
dat it was a srizrocinage. For be would know that, 
‘toe weot to the place where it is optically prevent, be 
‘would sense co correlated tactual sensa, and chat there 
“Would be no relevant scientibe objects there. 

Of course, as {have aleady hinted, these criteria 
are not theoretically satisfactory. What we coust as 
1 porveptible object may be moving 20 fast that we 
ease only one short axotum in cocnesion with it 
Conversely, an observer whomoved inthe right direction 
with the eelocity of light would contiosally sense sens 
consected with = single fash, 30 that be would be 
aware of a senteobject of considersble duration, and 
might therefore be inclined to aay that he was sczing 
Dpefveptible thing and not meray a perceptible event 
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Sti, che criteria that we have st laid dowa work 5a a 
great mazy cases aad will do for our present pucpote. 
‘We tan now improve the definition of « perteprnal 
object which we gave in the last chapter, where we 
Acbberaialy overlooked for the moment complications 
dur to ume. We ail cannot gre « perfocly sniie- 
factory definition, ‘because we have uot yet dealt 
properly with the movement of physical objects and 
observers and the consequest daplacement ‘of visual 
casa In the movementcocinuum. We will atime 
for the preaeat that we are confzing ourselves to « 
eating abject and resting observers, and we stall not 
ttempe to cemove this resrietion unt the next chapter, 
Suppose that a sciemuficevect of che hisd which is 
connected with « single Mash of light were to happen 
aa cerain moment at a ceria. place in scientific 
spice. Suppose that observers were dotted aboat all 
directions and at all distances around this place. ‘Thea 
ie is ue that the place in question would be optically 
‘occupied by vinual sense from all airecons for a very 
long time. But it would be optically occupted oaly 
for a moment by visual seman from a given ditaacr 
‘At any given moment the seasa which occupied the 
fslace would occupy it fom places on a certaio sphare 
surrounding i and at & later moment ic would be 
‘eccupied only by seasa from places on « lager sphere. 
Te would never be occupied at once by senus from places 
‘on two such apbares. If chere weve « persimt optical 
object, instead of a wre fash at the place, this place 
‘vould be optically occupied at a gives moment from 
many different distances a3 well as from all directions. 
We might regard a persistent optical object an x con 
inves series of svocemive flabes. Each aah is 
itself a neces of suoressive senex belonging 0 diBerent 























Off is the place feom which It Is present at the luminous 
‘centre, Thus there are two temporal series to be com 
‘Sdered: (1) The secies of fizsbes which together make 
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‘up ths history of the persist opal objects tod (2) 
theories of suconasire sense which together take Up 
f tingle fagh. It is obviouy that an early seusum 
Yelooging toa ater Gash and a lote seasvm belonging 
to an earlier fash ay be simsltaneous with each otbet. 
‘The former willbe optically present at the crate fm 
1 near plaot, aod the latter will be opscally preseat at 
‘he contre Gom x more cemote place Ths the centre 
In optically occupied by sense rom dierent dirtances at 
the mae mocent. maging foe smplicity a vim 
object of very small spatial dimensions, which we can 
treat as a point. Suppose i€ lasted for a time T, and 
that aime shes now elapsed since it begun to exit, 
“Then the places frece which sense are 
eesenta# thin point at the moment ¢ are m 

fl the points Contd io the volume ff 

Dewees a pair of spheres with the 

point an centre and ef and « (¢4T) ab y 
radii. “(Hern ¢ in the velocity of light) 

‘The diagram will ake tis pain. 

"Ax this moment seaaa from the Sst flash in the 
Iitory ofthe object will be present at P from places om 
the oatee sphere, and sensa from the last Bash in ion 
histocy wil be present at P from places on the inser 
sphere. Seana of jtermediate Bases will be present 
1 P from places in the volume contaiced betwoen thn 
two spherical surtacen. Thus the thicken of this slid 
‘hal of paces, from whieh seaua are contemporaneously 
present at P, ls characuzistic of the duration of dhe 
‘pial abject Frac places widhin the smaller sphere 
‘ere are no longer any seosa present at P, and from 
places outside the larger spbece there are not yet nny 
sens preseat at P. Toe “shell” will continually 
spread out Goes the ceate, but i will always comain of 
the eam “thickness,” aud this thickness is character- 
istic ofthe duration ofthe optical objec 

‘Soar, we have conned our attention tothe places 
from which sensa are present at gives place ata gies 
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‘moment. But we can oqually well cogard the whole 
situation fom another point of view. We can comider 
the momeads at which seam are present at a given place 
frum a given place. Un the cane af a Rash cath observer 
menses just one seasum, which is optically present at 
the place where the flash ia said 10 be. In the case of 
1 persistant optical object all the olerver will be aware 
{In course of Hime, not mesely of a slogle seosom, but 
ol n measc-object. | And the duration of thi 
‘would commonly be ideatiled with that of the optical 
abject. The sense-object in this casn is a group of 
‘succeasive visual senna in a single eensehistory, one 
Of which belongs ta each of the succenive fasbes into 
which the histary of the persistent optical object can be 
staalyeed by Exinasive Abstraction. Uc is clear that we 
must distiaguish between (3) the duration of ax opucal 
(bjt froma plas, ane (2) the bbl duration of on optaca! 
objec. The formes a simply the duration of the wenaible 
‘object which Is the appearance of the optical object 
to an observer at that place. But an. optical object, 
however sbort its duration from any ooe place, bas an 
orcously great duration, when you tak into account 
alr the sensu which belocg, to i¢ from al places. Its 
(otal duration inthe time that elapses becwees the estat 
‘aad the lateutviaual senaum which belongs to it. And 
this, eves in the ease of « momentary fash, ay amount 
(millions of years. A flash, in the limit, bas only 
duration of the secand ‘ind ; «| persiscent optcal object 
thas both kinds of duratioa. 

‘We can naw define a persistent comple eptical objec, 
subject the fimitations about motion which we have 
sicaady indicated. Such an object isa group of visual 
onan of various Gates, corcelated with each other, and 
having che following properties: (t) There is certain 
‘closed contour in Scientie Space (the “piace occupi 
by the optical object"), such thar every member of thix 
roup of masa is opticaly present at some part of ita 
surface from somewhere. (2) Every part of this contour 
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js optically occupied from somexbere by some member 
{or member) of the groop. (3) AC any moment wher 
the optical object bas started 10 exis, any past of this 
sentral contour is occupied by sensa of the group from 
Ail the places within a certain sofew. Thin volume io 
‘bounded by two clused eaclases, both of which coctain 
the place occupied by the optical object After the 
‘optical object has completed its history, the thickness of 
thin volume is a meatuce of the duration of the object 
from any pois. (4) From any point a eenain part of 
the central contour it occupied by 2 seriea of succesive 
‘enaa, forming a senae-object in the sense-hisory of a2 
Obscrver who stays at this point. The duration of this 
nee object ix the duration of the optical object from 
this pace. 

To delice a mow perniens comple apical shut, ht. 
‘ complete optical event, or “fla,” we leave clauses 
(1) and (a) standing, and codify clauses (3) and (4) as 
follows: In (3} substionte “on x certain surface” for 
‘*ithin a certain volume.” te () sobstinee 

rm” for Ma series of successive vecsa," 
reat of the clause, Finally, a micronimage of 
salt o¢« pia would be « persistent Sncompletn optical 
object, whilst » mirror-image of « flash would be « nox 
peftistent incomplete optical object. 

‘We aald tn the last chapter that an onfinary per- 
ceptual object, Hie a penny, a8 understood by eoctman- 
sense, is really a compact coutiting of « nursber of 
correlated constiteent objects of various kinds, all 
‘occupying & place ia tbe moveorent-continsum in their 
variou appropriate Pickwickian ways. This place, 
moreover, is concelved to be literally occupied by cor- 
felated actentiic objects; and the difference between 

ience and comsionaense is largely a difference ic 
the amount of knowledge which the two clalm to have 
about there sclentisc object. It is obvious that some 
of the coamiquents of «perceptual object may orate 
to persist while others remaiz. Again, a place where 
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perceptual object is oace been, may coniaue 09 be 
tameed trom cerain places by i phos, im the fone 
of i optial consiueat. The comperioneas of 2 
Perceptual object infects the notion of “sts duration 
trib an incurable vagueness, ‘We cov tai serrate 
Tlatements sbout the Wortoas of ie conttuents, and 
fre can make accurate statements ebout Oe Gurctins 
‘of the corretated scientific objects, but the perceptual 
object of common-sense is too much @ mixture of non- 
homogenous consthoents so be word Ueallog very 
setiuay a9 « vioe 
"We aw that an obeerver can very well be uitahen 
in iakiog at be pusciven « pyical erent of 8 
ein kin, Deeause iis Tnptes reference De7and 
the mnauen mich he tensa to other seman actual aa 
possible, of other observers. 4 ferher, we can be mis- 
taken in supposing that we pecceive a certain physical 
thing ; nnd tals can bappen even when we are que 
fight in thinking that we perceive & physica reent OF 
Serie of them. Soch mister take various form, 
and contain various amounts of error. (1) We may 
mistaice « partial for a complete optical object, 4, we 
tmay think Gut a cern pace fs optealy occupied tom 
{BT irecione when realy if cmap nly fom ne 
trfiom a resioud range of dinesione Ths bappees 
iDovions which raliy decerre ue. 9 1h ve 
take we aball almost covainly make the 
hn of supposing tt he pace Io qeeton 
Is sao cxmopod by fteeatedtactual and ther c00- 
ttitnty tat otis crtre for toved an radiant Get, 
nd that eis occupied tery by alee objects 
{pecilly cormated with our visual seam. Actlly 
the mast selcvant. sienGhe abjecs will be at some 
tervom place,” Ya) We may take vary grave eran 
Tooot Ome We practically ches tak Sr peal 
‘Slags have codoeed and cmc in he ama plsce 
longet than cur vaesl pecepionn realy jay 9 in 
Tellviogs if ac ondinay man soe a in a Corin 
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‘optical place, he antumas chat It aust have been there 
least up to the Une when be cca to ace it This 
is of course uajustiied. My vinual seasa are indeed 
optically present at tls place at the ime when [sense 
‘em, and for a8 long a3 1 go on senting them. But 
le aaylog that the str in thereat that time, 1am assert. 
dng much moce than this. 1 am asserting that other 
Aypes of constituent abject are also chere,and chat the 
Place is now cccupied by correlated scientific objects 
nd events Thin may happen to be tve, bu 
justified by my visaat pereeption lone. The 
sve blown up OF moved elsewhere since the light le 
it.The Meat eatement implies that here ia now m0 
fentre occupied by scientuSe Objects correlated with 
present visual seam. The second implins that there is 
Dil a centre vecupiad by events of this Kind, but that 
ic ms mo longer at the place where the optical object is 
present. The Gets of aberration sbow that such iiver- 
(gences between the place of a perceptual event and 
tht of the thing with which tin connected, may aise 
through mere movemeot of the observer. 

(@) Smeniitc Giyea.—It is admited wat ordinary 
perceptual objects, like penoies and chairs, begin to 
fxist, lat for 20 Jong, and dhes come to nn end. [a 
the chapter on Time and Change in Part, 1 tried to 
explain what exactly is meant by axying of any object 
that it began «exist, let oo Tong, and came 1 a0 
‘0d, Now peromprual objecs are supped to be con. 
ected with scietiic abjecss in the way described 
tattle i the present chapter. And the total sclntiSc 
‘bject specially connected with any perceptsal object 
In believed 1 be a very complex whole of related 
pars, Such structures have more or fous sabiliey, 
once they are formed: bst they do begia to enist and 
tome 1 an ond under sviuble condone We shall 
ave to distinguish between scieatiie objects of wariour 
svders. "Tho sort of scentigc abject which ix specially 
connected with = perceptual abject, hk a chal, aay be 
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called a first ender object. 1 a supposed, un we know, 
te consist of a great many molecules aranged in 
space. These say be called steond order 








‘oma are therd onder objects. Finally, cach atom 
supposed to bean arangeseat of postive and negative 
flectrone, with characteristic types of motion. Theoe 
tre fourth onder objects, nnd it of Couzue ponsibe that 
they are themselves complicated structures compos 
‘af ith onder obyecas 

Such a hiemchy represents real facts about Nabire. 
‘Ton simplest way £0 look at itis the following : Many 
agents such as the presence of a sufciently prosperoun 
Profieer on he seat, will break up a chair without 
Affecting the molecules of cellulose of which its com 
owed. Other agents, such a8 beat, will beak up the 
fallulose molecules, but leave the stor of ealbon, 
hydrogen, and oxyget. of which they are made, u- 
‘ered. Avery few ageats will, with great diicalty, 
break up the atoms themselves Int their coosttwest 
lectrons. So far as U iknow, 0 agent yet explored 
will break up an electron, though it is possible by 
Leroic methods to knock pieces off the cucleus of an 









objects are the stages where ceria 
lagemts, which have previously bees elective, cease (0 
be mo. Chaice really are permanent under a great 
variety of conditions, cellulose molecules under a greater 
vasiety, carbon atoms under a mill greater range, and 
electrons under all variations that have been tried. 

Now, for our present purpose, the imporiant thing 
ta notioe is that sclentiée objects of different omders oped. 
different minimal spaces ard durations to hve in, 

Is generally recognised In regard to space, though i 
smated in a cather misleading way, eg, that “molecules 
‘ave divisible and electrons are not.” It is equally true 
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of Sine, and it is ove of Whitchead's great merits to 
Ihave pointed this out clearly. will 6:t explain what 
Is maa by ie satan as egade space, IF you 

up the space which is occupied by a chair into 
oe mr aie of Goes rent oe eee ie 
chair, though ae may be cccupied by leg and azother 
bbyaseat. Agais, you could divide up the space occupied 
Dy x chair nw partitions, each of which was occupied by. 
a calvlose molecule. If you further subdivided one of 
these divisions yow would fd that some of your aub- 
divisions were occupied by » hycragen aiom, some by 
‘tcatbos atom, some by an oxygen stom, acd some by 
nothing at al.” Whee @ person says tha» molecuie is 
divisible in space, whilst an eleczon is not, what be 
means, over and above the act that on has been experi- 
imentaly sptic up and thatthe cher has 90%, fz roughly 
the lowing: Ifyou take a sce coctaioing one and only 
sa molecule and nothing tls, you can vide into & 
sot of ehasstive acd mutually caclsive partitions, sch 
tat there is positive dierenoe of quality berwoen the 
contents of some of these partitions and the contents 
‘of others. (Zag, the contents of one may have the 
“yydeogen quality," that of another ‘the "oxygen 
quality,” and to on.” Of course, some of your partiiant 
ray Bave co ouaitats at all.) If yoo take a space 
containing ove electron and nothing else, then thar 
() aid sets of exhaustive sod exutsally exclusive par. 
Alona into which you can divide the space are occupied. 
by contents of the saaze quality, or (2) you can divide 
the spuce into two muteally exclusive and exhaustive 
partitions, one of which is empty whilst the other bas 
‘the property (6). What is called “indivisiblicy” is 
really rather Aomapenciy of quaity for all spatial su- 
Aliviions below 4 cevain maximum. Whether in fact 
































investigation, 
‘Now, a5 Whitehead has pointed out, we bave the 
same distinetion among objects a2 regards division of 
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Wir blstory into succensive aloes, There are many 
types of abject whose charanerisic quales need a 
sattain miniorom of duration toinbere in, Ep, mesory 
is one of the outmanding features af the sor of thing, 
that we call a “miad.” Te i therefore, clear that dhe 
very notion of momentary ating "in nonsense.» Now 
the tame ie crne of any sciealle objece which fs partly 
characterised by same special typeof motion. Suppose 
that a cermin Kind of atoat consisted of a sucleun and 
aan eleciron rotating about it at a certain characteristic 
ate, Such ac atom would need st last the duration 
cf ane complete rotation to display it characteris 
properties. The history of auch an at isa“ patie 

in time, just as the momeatary arrangement of electrons 
‘and nocleus (9 # patiera in space. IC the duration of 
‘one complete rotation be alioed up into adjacent suecessivn 
parts, the contents ofthe parts wil der in quality fram 
{he contents of the wole. 

‘On the other hand, there may well be objects which 
arm temporally bomogeseous. This would mean that, 
however you choose io divide up theit history, the 
content ofall the slices are the mime as each other and 
as the whole in quality. Many types of scientific object 
thon have a characteristic minimus domtioe as well 
asa charactesntic minimum extension. 

‘Now science regards the ultimate sciestiic objects 
ax being spatiotempornly bomegeseoax And it 
assumes that these ultimate scientific objects never 
begin oc end. Thus che uisimate sient objects ara 
regarded aa eternal in the sense of exising throughout 
alltime. The only ultiomse acientiéc changes are the 

ee and regroupiags of auch objects according 



























‘ot profem to kcow. But J believe wo may asoert (a8 
U have pointed out elsewhere, acd as Mr Keynes hs 
independently and much more clearly shown in his 
Treatise om Probebitig) that, without some soch assump 





it in impomible to justify the confidence which 
wwe fel ia the reauts of “well-catablished” inductions. 
To not propose to pura this subject further here. 

In the neat chaptee J shall aay what I can about 
Motion, and, in the cext but one, T shall discuss the 
concept of Space-Time, from which Sciemifc: Space 
aad Scieatife Time are two absunctons of diferent 
‘ype, 

‘The following wdditional works may be consulted 
with advantage 

BLA. W, Reman, Lacerta he tral World, stae, 
Wane. 

AN. WRETEORAD, Prince of Mate! Keer, Par 1. 

& Acaaanoun, Spam, Tons txt Dey Do 

UA Ronn Aloha Raahoar of Ps mt Spe 





CHAPTER XI 


Ob, how gionocs and repleadent, 
‘Fragile Body, shalt thoe be I 
(lyme Anco nd Moder) 


‘Sensible and Physical Motion 


Tv the last chapter T touched incidentally ga the 

sible mation of senss whtbin their own flds. Both 
fn it and in the chapter before I talked of the motion of 
coxr bodies, and sald that the concept of physical Space 
is tamed on such motions, interprets! spatially by 
analogy with our visual fields. propose now to go 
considerably more isto detail about these matters; to 
‘coasider exactly how the concepts of physical Space 
and Motion are consected, on the oo¢ baad with our 
‘bodily moremests, aod oo the other wich the postions 
and movements of oar seasa in thei Selds ; and finally 
‘to work up to the concept of physical Space-Time, 
‘We shall find that the consideratioa of our own bodi 
tnd ofthe bodies of other observers who can comtmuri- 
cate with us about cheir experiences fils a gap in our 
concept of physical objects, and it ax essential (actor 
mn the development ofthe concept of physical Space. 


Gecaral Remarks sbost Charge and Motion — 
When we say that something changes, of, more 
Particularly, that it moves, we imply a oertsin entity 
and a cerain diffrence. ‘There must be enough 
Identity for us to be able to say that we are deal 
‘with the same objec, in spite of the movement or other 
change. And there must be some difierence between 
‘one part of the history of the object and others, or we 























in a more general concept than moverent, since more 
meat is simply change of position in apace. We will 
therefore, begin with change = general. 

In ordinary life we distinguish between an object 
and its bistory, and we ace inclined to think char the 
foemer is logically prior to the latter. We way, eg, 
that there is & certain object, such a3 a panay, and that 
lt may sither rest or move, keep bright or tarnish, 

‘These events, we say, "happen to” the 

itn hatocy is fust all the events that happen 
, We think, bave an object withomt 

ut you could not bave a Bistory without an 
Object.” 1 believe this to bea profound mistake, which 
‘arises from taking “history” in to arrow a. sense. 
‘An object, separsied from its history, ix clearly not the 
kind of thing thac could possibly exist. Every object 
that is not merely momentary has x history of some 
kind, and no merely momentary object coukd really 















tre ace inclined to identify history with exciting, ay 
Yarable, history, We then Hlentfy the object’ with 
he tame tracts of its history ; and forgot that these are 
history at Wh because they are 40 uniform. But cealy 
aN dt litecaly enlate ia strands of history, some tamer 
‘nd some more exiting. 

‘Now It ix conceivabie that theec might have bean 
mucceasion but no history. If 30, there would bare 
boon neitber ax object nor a plaraliy of object. Let 
tus consider a fragment of the wéole coune of Natnre, 
lasting for an hour. Let us ioagion it cut up ioe 
scoetsive alice, cach Inting for = second, “Theor 
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rally there are thece possibilities. G) We might Snd 
that the contents of asy adjacent pair of seconds had no 
‘particular resemblance either ia whole or i part. And 
‘we eight sill find the same result if we took shorter 
find shorter divisions. [a that case we could bardiy 
talk of history at all there would mezely be « perfccaly 
ebaotic hail of events. (i) We might find that there 
was considerable qualitative resemblance between the 
‘whole contents of any adjacent pair of seconds, and that 
this reseeablasce increased as we took shorter and 
shorter subdivisions. But we might have 

the contents of each second or Hae, We 
able to divide it into clearly distinguishable co-existing 
part, Indhat case we sbould say that there is « history 
(of the world as a whole}, but that there is nots 
umber of destinct strand of Autory. We could then 
talk of ax object, which eedures and perhaps changes, 
vine, Bor universe; bat not of x number of distinct 
objects. (ii) We might find, as we actually do, shat 
the content of exch second is distinguishable into 
Giberent covcsisting parts, and that a certain part of 
the content of ene is hooked on to a certain part of the 
content of the next by close qualitative resemblance, 
Under thie ead { inchude resemblance of shape and 
position, an well as resemblance of colout, temperatirn, 
ac, Wo should thes say, not only that there ia a 
history of the world as a whole, but also that there are 
‘various distinct sands of history. Each strand would 
ba called the tistory of such and auch an object, but 
thie does not meas that there is ancther existent, vz 
ithe object” beside the stracd itselt. It is’ only 
because there are auch strands that we can talk of & 
plurality of abjecte. The workd as a whole would have 
‘history, partly because it is composed of such strand 
‘of history. But its history is more than the sum total 
(of a number of diatlact strands lying side by side. If 
there be causal and other regularities which hold 
throughout the whole period vader discussion, there 
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will be chametrinic relations betwsen the strands, 
And the history of the weed a8 a whole wosld have 
more unity and complesity than Io implied by the 
imple statement that itis Compased of such and such 
parallel scands. 

‘Whenever we talk then of “objects,” the funda 
mental fact inthe exintence of Siatinct mands of history. 
‘A given object is a certio rand, pervaded by acertais 
special unity and continsity, which characterise iad 
‘mark it out fom strands of other kieds. To say chat & 
fmrain abject has not changed fo any cespext ls ta may 
that all the muoceesive alices of « certain stand are 
‘qualitively indlatiogsishable from each other. Am 
Unchanging object is thus & cmpledy wafer strand of 
history. To say that a certain object has moved, but 
bas not otherwise changed, is to sty thatthe positional 
qualities of successive slices of x certain strand are 
progreasively diderest. A moving objec is therefore a 
ortvonaly womonifarm stracd. 

"Now it happens, of course, that there sre many distinct 
strands which are vo uch lke in the chamars of 
(her slicen and in the type of unity that pervades thes, 
hat they are called histories of objects ofthe aame kind 
‘Yet vome of these strands may be positionally ware, 
whilst athersace positionally eon-unvorm. An example 











throughout to count as the bisory of a single object 
may yet for some part of ity length be positionally 
uusifoem and for othess be positionaliy oe-uniform. 
‘An example would be = panny which sometimes keeps. 





‘xill and sometimes move. I think that itis partly Io 
coasequence of soch facss that we tend to separate 
objects fom their histories, and to treat their histories 
fas something more or lesa exicrnal, which may 







fit be » resting penny, positioaally non-uniform if t 
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bea moving penny, and 20 on. But you can always 
find plenty of ather strands of hinory sufBciently like 
this one in their ogn-positional qualites to be called 
histories of penaies, and yet aniform where this history 
i positionaliy non-uniform. You tend to identify the 
first penny with a uniform history, wich ax the arvond 
penny, and to regard the nan-uniform part of the fick 
esny/as womething dhat “happened 107 it, but was ft 
a part of ic. The real fact, however, Is that the first 
peony & the frst strand and nothing wise, and the 
seoand penay 1s the seooed strand and nothing else, 
(Of course the general charactristic of being a penny 
is common 2 both, since it is the general type of 
qualitative character which pervades all auch strands; 
‘but thia is a universal, not a particular existent; and 
when people talk of “objects," and say chat they rest 
(of cove, they are certainly aot primanly talking about 
universal charactenstics but about particular exivtents, 
[¢ in ovident thes that every object bas a tims 
dimension ag well as may spacedimensions that it 
may have, There is nothing mysterious about thivj # 
rmpans no more thaa that every existing object, whether 
At rest oF in motion, is « strand of hutory with mame 
duntion. The question whether st is a changing or 
10 uachanging object is simply che question whether 
successive slices of the strand, normal to the time- 

















spatial dimensions is an abstracuon, You can divide 
up the object into thinner and thinner slices normal 10 
ts timedimension, are these slices will approximate, 
‘as you make them (hiner and thinner, t purely spatial 
Siguces In the limit each will be a purely spatial 
‘igure, in general of thren dimensions, But these we 
not the object, nor are they literaliy even parce of it, 
‘The object is the whole four-dimensional strand of 
history. And theee mocuentary spatial figures are 
<parts" of the object only in the Pickwickian sease in 
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which plane sections of an ordinary solid are **parta” 
of the solid. A person who refuses to identify an ubject 
‘whh ist whole Klstocy mar either identify it with a 
momentary action of Taat history oF with a wayform slice 

The does the former, the object isa mere abstrac- 
‘ios, incapable of existence. If he does the later, his 
restriction to the uniform part of the whoie strand of 
Diseory Is eleasly arbitrary. 

TEleahosld happes that all dhe socoessive soomentary 
acetions of an object have the same shape, you can call 
thie eke shape of the object. Bat, if they have different 
shapes, there is nathing chat oan be called she shape of 
the object. A penay and « mist are both objects; but, 
‘whilst you ca talk of the shape of the former, you 
cannot tall of the shape of the later. 


‘Motion asd Revs in Viens) Fields and Beoerhistorias, 
Aker these general remarks about the nature of objects 
tind their mation or rest we can consider the various 
types of moton aod rest which happen within our visual 
elds and sense-bistorien 
{@) Motion and Rest of Viral Sena —A single sense: 
field lasts for # finite, thougts short, tame. Spatially it 
is of threedimeasions It is therefore four-dimensional 
spatiotemporal whole. In sensing it, we thus senoe 
rectly a fourdiensiowal whole with three spatial 
imeasions.und one tessporal, A sensum ia wu outsand- 
ing part of the total content of a sease-Seld. Tt has some 
Hduratiog, which camoot be gceater than that of the sense- 
ficié, und ie hes spatial extecsion. 1 x» therefore in 
igenesal a four-dimensional object Now, as we have 
seen, visual sensum may shift its position in its own 
field or not. 11 itdoes, cis effected with nemtible motion, 
otherwise it is seasibly at rest. Thus aif visual sonst 
‘re four-dimensional objects, and those that are afected 
‘with sensibie motion ae positionally son-uniform objects 
Just ay we cannot see a once an abject of more than & 
‘corain size, so we cannot sense by one act an object 
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that exceeds the duration af a Specious Present, whetber 
le be uniform or sou-uniform. Is sensing n resting 
‘easam wa are aware in one act of a positional uniform 
Fourdimecsional object of short duration ; in vensing & 








moving seasum we are aware in one ect of « pasitionally 
non-uniform four-dimensional object of short duration. 
‘Thus, sensibve motion is uhe way ia which the pasitional 
nonuniformity of a four-dimensional object presents 





(@) Motion ond Ret of Punal Sesvestjects, — Our 
suocessive visual fields join up with eck other to 
form a single sense-bistory, 03 already described, This 
{a nimply & fourdimensional whole, of the same genera) 
mature a3 a single visual Geld, but of greater duration. 
Tt eannot, of course, be sensed a8 a whale, though soene 
‘of it earlier slices may be remembered wile its latest 
alice ls being seased. Now, when a certsin resting 
neasum has occupted « certain position througbout the 
‘whole of one field, similar sensa may oocupy exactly 
sitar positions in a series of successive fields, Just 
as the folds jola up to give ane sense-bistory, of wi 
they are sueceanive slices, so these resting sensx joi 
up to give a slagie sense-chject, of which they are 
smccessive slices. This will be 2 positianally uniform 
aense-object, and may be descibed sp 4 scuseobject 
which sts ta the space of fhe obeerer snus bitery. 

Now it may happes: that there ig a series of more 
(or (eas similar senaa in 2 series of moconative fields, but 
‘that they occupy progressively dissimilar positions in 
their reapoctive elds. And it may be that the thinner 
two Gckds are and the nears: they ate together, the less 
is the dimimilarity between the positions of the senza 
of this set which belong ta these Geids. On these cos- 
tions the senan of the set stil join up to form a sense- 
object of which they aco successive slices. But this 
seaterobject fs porivonally sot-aniform, and may be 
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Gescribnd a5 2 smse-object which maver in He gpa of che 
claarver'ssase-hiiery. Often taere is 20 seasible non 

foraity ia the individual seas of such a group, 
thougt they join up to form iy eon‘sniform 
genye-object. Os the other band, it often bappens that. 
‘tach of the component seam of a moving. sense-object 
ig ioelf affected with pensitle motion in ita own Geld. 
tis reasonable w soppose that, even in the former case, 
the componeat sana are realiy not quite positonally 

orm object bt that their departure frome uniform 
ia noe “aharp” enough to be sensed as movement within 
he soos. 

(Now, itis very important to notice that the mover 
ment of tenes ia their elds and of eense-objects in the 
spaces of their sense-bistorien is the vltimatn empicical 
‘asia of the concept of absolute mation. The sensible 
motion of a sensum in its Geld really is something 
absolutes i does aot simply comvit ia the fact that 
‘thin geosura alters its spatial relations to atber sense 
in Un fekd, though, of course, it emowiver thin as 0 
‘necesmiry conseqoence. This is quite clear, from the 
following example: Suppose 1 um looking at th sky, 
acd x shooting star dart ucrou {am aware of 
find ; and within this ace scram which are the epposr- 
‘ances of the other srs, and a sentunt which is the 
‘Appearance of the sbooting star. The latier ix aoctod 
‘with seasible motion, whilst the former are cot. Now, 
ifthe sensible smotion simply consisted in a change of 
relative ponition within the Ge, it wonld be partly 
symmetrical, and it would be impouible to say that 
the sbooting star sensu seosibly moves and that the 
oxber amass do not. But it i quite clear that in fact 
swe do senna an intrinaic peculiarity of the shouting 
szar canaum which ia not preseat ia the others. Thea, 
sensible motion and rest ace somechiog absolute and 
intcinvc, not merely relationg) ; aad 1 take It that this 
fact in at the basis of the concepts af absolute sition 
and rest Tt doce not, of course, follow that the 
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‘concept thus formed realy Is appticaile beyond sense 
ielda and secsehistories. Ix may well be that the 
absolute miotion ar rest of a senseobject ia the space 
‘of my senmehistory is connected with merely relative 
‘iotign between my body and other physical objects. 
‘This does not alter the fact that the motion of the 
aense-object in the space of my sange-bistory is iuelf 
absolute, and sot a more change af relation to other 
‘contants of the bistory. We shall roasider this question 
ita Intor mage in the chapter. 





Gorrslations detwoen the Motions af Visoul Objects 
(and the Kinwethatis Semsstions af ax Obeerver.—The 
‘beat way to approach this complicated subject seems 
ta be by taking special cases as illustrations. Taking 

gle observer and a single physical abject, we 
‘can begin by distinguishing four casas which oon: 
Mantly happen: (A) The observer stands sull, ar 
() watches a resting physical object, oF (1) watches 
‘A moving physieal object. (B) The observer moves 
bodily, and () watches a resting physical object, or 
(i) watches, 














(A) There are two kinds of kinzethetic sensation, 
one consecsed with walking, aod the other with turning 
‘the head. (ill call them cespectively érauslanswal end 
ritatioat kinzetbetic sensations. The A-cases are sll 
alike in the fact that the observer feels no translational 
kinesthetic sensations, 





‘When a restiog observer watches © resting: 
physical object be finds chet, once having turned bis 
hbaas 90 as to sense a fald wich a visual appearance: 

object in the middle of it, be must hencelorth ep 
head still if he wants to go on sensing Selds with 
ilar manea at theic centres. That is, in order that 
the physical object may appeac in his seamebisocy asa 
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stating srnse-object, be must henceforth keep fre from 
refasions! kinesthetic sensations, If at any moment 
‘ne hooves to mart turnag his head, the physica object 
will sil coutiaue for a time to appear fo his visual 
sruvehinory. But the vleual senss by which it appears 
veil occupy progressively dissimilar places in his sue- 
cessin felis. Morecver, they 
‘seusible motion withia teir Belds, Thus, 
the physical objec sill appears, for 
4% vigual sense-object inthe observer's sense-history, 
But fy appearance a now « positiocally non-unifora, 
ey amoving, senseobject 

"There are tao cern points to be autioad about the 
stapes, et. ofthe successive secan inthis nense-object. 
‘While the observer keeps his head sil, the wuccmasive 
seou will be indisinguishable in shape, unleny of 
course, physical changes sre going on in the object. 
But when he moves is head, the successive appear 
ances wil ifr in shape; they will be more and more 
Aistoced a3 ha turns bis bead ere, and wx they oocupy 
tuore cooansic posidns in his secounive felde Th, 
when be teas his eae, tbe sense object by whlch the 
physical object appears ic in gonmeiatory i not only 
Potioaaily on-aniform ; it ie also non-uniform aa 
‘egacts shape. "There is another diflerence betwees the 
-nvccessive sna, which I will just mestion here and deal 
‘with tore fully Inte. They do not differ merely in 
‘he fact that each is a distortion of use original central 
sensam. Very ofea there is something in the ine 




















our heads, “‘Gesh part of the abject come into vies 
whilst others which were formerly visible cease 
be oo." 

‘A Goal acd very important point to notice is that, 
in the present cane, by axactly reversing the series of 
‘rotational Kinaethetic seneations I exactly reverse the 
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secies of sense, and end up wld «fed like that fom 
Which 1 sand, with « senour. Like the original ove 
in is ceatee. I cam do this as often as F lke, asd 
slways with the mme result. Again, 1 exe move ay 
‘uoad from its Initia) position im a great varity of 
‘ways, which are distinguished for me by charactetiale 
Glfereaces in my rotdocal Kinmethetic sensations 
Each such way will involve « oo-uniform senseobject 
of the kind described ; and each, on reversal, wil 
bring me back to Seld lke that with which 1 sted, 
But theve are characteristic differences of dail betwesn 
the various con-aniform sense-objects whick correspond. 

‘various series of rotational kinwathetic sensations, 
f) When I stand sil and watch x moving physical 
object, find that 1 west keep turning my bead {C1 went 
tw keep the succewive appearances of the pysical 
abject in che centres of tay succamive Selds. And T 
must do thia in a pertetly definite way. Moreover, 
there is difreooe between the aense-object which f 
sweazein this case and in the last. To the last case, if 
keep my head sil, I sease a comfy unvform verve 
object In the peesect, the sease-object never iy com- 
pletely unifors 5 i is noe even completly uniform in 
Doritce. What we should Sed would be this: There 
Toold be a suady iocreasa, steady decrase, of the 
fe followed by the other, iz the sis ad depths of 
the moss. Thece will be distortion in their shapes 
‘There wil be variations in brightness. And, Saaily, 
the later sensa will have parts to which nothing corre 
sponds in the earher, and conversely. 

‘Suppose now tat, at a cerale moment, 1 stop 
moving my heed. From that moment the succeive 
appearances of the physical object will begin ta occupy 

fasiailar pasisons ia my succenive fields. Very 
protbly each will hare sensible motion in it own 
Beld. Aad the distocion of later sense, and the 
Addition of sew and dropping of old feature, will be 
spreatly accelerated. In fuce, the physial object will 
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Ihenedorth appear at an extrecely non-usitorm sense- 
sbjec bth psitnally un in ther rept Very 

will crane to appear at all in my sense-history, 
the later pare of the sense-history will be fields 
containing 20 aensa coonected with this physical olyect. 
‘Whes this is so, could, as a rule, slart again st will 
to sense a field with ax appearance of this physical 
‘object at its centre. In ocder to do this, 1 shall bave 
to tun my head to a definite extent, independent of 
my chowe. And, when [ do at length sense another 
feld with a sensu of the required kind in the middle 
of it T shall iad what this sensum differs in 
brightness, depth, ete. from the one Ohat was 
middle of the last field which I sensed before 1 stopped 
turning aay head. 

(B) The B-casea resemble each other, and differ 
from the A-cases, in that the observer experiences 
trunslatory 43 well as rotational kisseathetic seasations, 

(i) 1 man walks, and wants to keep Ins eye on a 
resting physical object, be will find that he must 


























of rotational ianyeathecic sensation needed is correlated 
‘with the amouat of translational kimesthetc sensation 
fexperienogd. Provided be wuens hs head property, the 
phys 





jal abject will appear ic bis sense-history a5 a 
te 
fot be uniform im depth or brightacss. There wll 
‘so be distortion and revelation of mew parts. But 
the seaza will be at the centres of hls successive fields. 
Te he walks, and keeps hit bead and eyes fixed, the 
physical object will appear in hie sense-bistory as a 
moving sense-cbject, and possibly the constituent sensa 
may have sensible motion in their cespective fields. 
‘The soa-uniormity in respect of shape will be very 
much greater than when he keeps his eye on the 
physical object, aed soon shis will cease 10 appear at 
al sensehisory. After at has disappeared he 
can again sanse 2 field with 2 senmum of the group 
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at its centre, provided he turns his bead property. The 
‘srount of rotational Kingesthetic sensstion needed for 
this purpose will be completely determined by the 
‘ature and amouct of translational kinesthetic sensation 
which he has experienced since he ceased turning his 
hhead, Lastly, the sensum which will oceupy the middle 
‘of hia present field will never be exactly ike that which 
‘occupied the middie of the field sthich he was sensing 
when he stopped turaing his head. There will be 
differences in shape, depth, brightness, etc; and there 
will be pars to which nothing corresponded in the 
last sensm, and conversely. 

Ik 1s obvious that, on the visual 
close analogy berwees B (i) and A ( 
the visual experienoas of a moving obsarver watching 




















‘a moving object. There iy also a partial resemblance 
between the rotational Innaesthenie sensations, since both 
Of them are obliged to keep moving their heads in a 
certain way in order to keep the appearances of the 
Physical object im the centres. of their successive field 
‘The difference is that in A (ii) the rotational kio- 
‘zethatic sensation needed is absolutely independent of 
the observer's volition, whilst in B (i) x is indirecdy 
dependent on his volition. It is pemsasily depesdant 
only un the amount and kond of his wanslational kin- 
‘zsthetic yensations ; but these in turn are dependest on 
ince be can malk as he chooees. This gap, 
idged by che case of observers whose 
Dodies are carred about in tans motor ars, etc. 

















i) becomes practically complete. Such facts a5 this 
analogy lie at the basis of the concept of the relativity 
(f physical mation. 

(3) When an observer mover about and lkccps his 
eye on a moving physical object he will find that the 
nature and amoust of kinesthetic sensation needed are 
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determined pari, but only party, by his sranalational 
Keinasthetc sensations. He will sometimes have to tuen 
Hy, and sometimes Jess quickly than 

jn tbe same way and keeping his eye 
object. If be were to retrace dis 
«reps, and then wall over his old course again, t would 
be useless to repeat the same head.moverents which he 
sade on the previous aceaion. Ibe dd this, avery 
Uhaly thatthe physical object would no longer appear 
in his gense-history at all; and, even if 1 did 90, i¢ 

ily not appear ia the form of 4 senst-ab) 
hase suooeasiee sense occupied the centres of is 

















‘There ig a vary important point to notice about these 
Beases. In them the observer has both translational 
‘and routional kinwathenc sensations, Now theve fall 
{oto pairs of correlated series v2 the following way The 
successive appearances of a physical object cun be kept 
fat the centras of one's successive fields in an infinite 
vvanety of different ways, al of whuch involve diferent 








sensations. Take frst a resting physica) object. (a) 
‘ta avecessive viseal eppearances can be kept in the 
centres of one’s successive visual fields by suitably 
turning the head and henceforth soving neither the 
head sor the body. (8) A similar revult (hough nota 
Identical one} can be produced by valking in insumer- 

erent ways, and at the seme time continually 
the head in correlated ways. Lastly, (y) there 
gone and oaly one way of walking without ruming tha 
‘ead which will produce similar reguits, though, of cours, 
this one way may be purysed <t diferent rates. This is 
what we call “walking straight up w the object” (0) 
and (7) arerwo extreme cases of the huge group iocluded 
under (B}. Tt must be noticed that the various combinae 
dons of correlated rotational and translational Kinaathetic, 
seasatlons are not abaclurely equivalent in thelr resulls 
fon the sense-object by which the physical object 
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sppearsin the observers sense-bistacy. The {o}-method 
Bites a completely uniform sense-odjec. Each of the 
(@ymetdods gives a somovbat diferent sense objec 
‘All these sensecobjects are on-unilorn ia thape ad 
Aepth for diferent component ones will have decent 
Sopths in their respective fields. Moreover, thee it 
Always that dilrvare between encosseive sa which 
tre deacribe hy saylog that we *‘20e fron parts sed looe 
ighe of some which we srw belorm”” Last, the 
(phmethod gives 1 veese-object which is usifore, inthe 
Denne that there is 20 detorion beowren the successive 
team which coomtiute fe. But east of these seman bs 
gee sine and a smaller depth than the ooe before, 
‘be a progreaive increase ia beighuneus 
thece muy be the diference which we 
should express by saying thatthe earlier sensa reveal 
parts of the physical object which crase to be revealed 
by the ate ones.” 

Somewhat similar remarks apply to che correlation 
beeweea rotational and transitional Kinthetic enaa 
tions in sacking « moving physical object. But there 
are cerain diGeresces. (a) Icy sucsssive appearances 
ft be Lape i the centres of ur succeasive felde if 
‘we neither walk aor tare our beads. (6) Ifwe choose 
{o do both, thare are Saaumerable coesbicatlons cf the 
two wbich will produce the required kind of sense- 
‘object, But che rotational Kaathetic sensations which 
tuave to be combined with a glveo set of transitional 
senaations for Hhs purpose are aot the sume as they 
‘would beif we were looking ata mating object. In fact, 
to geaeral rule of correlation cax be lid down without 
bringing io nn ndtiona factor, vis, the motion ofthe 
physical object Self. (y) There is bae and only oe 
(ray of imeping the ascomive appearances of a moving 
Dhysial object ia the eeatres of our succensive Hilde with 
‘Sut contlasaly tursing our heads, and thats, of course, 
by walking parallel to its bine of motoe at's suite 
pao Tee particular series of Kinwsthetc secaatine 
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needed for this purpose vaties, of course, with the motion 
ff the particule: physical object whichis being watched. 
By the (y}mettod, and by i alone, does x moving 
physical object appear to us as « completely uniform 
sense-object 

"There is thos a close rexembiance between the cate 
‘A Gand B (i) (9). So far us the visual object 1s con- 
cxraed, they are precisely allie. The difreace is cha 
‘A(i) completely wallorm scase-objec requires complete 
absence of bath kinds of kinwathetic sensation, whl 
jn B (i) (9) it requires « characteristic acres of trans: 
lnvonal Kiowathetic sensations. The gap here 
same extent bridged, as la the analogy between A (i) 
sand B (), by the fact that an observer's body may be 
‘arvied parallel to anather phiymecal object without effort 
of his own, ‘This happeas, 4.2 when an observer in 
a moving train keeps bis eye oo a certain window of » 
carmage, moving at the same rite and in the suse 
dimetion on a parallel lise. Here we have another 
sensible fact which lies at the basis of the concept of 
the raativuy of physical motion 

(6) Swnemaery of Facts ected in the last Subsecuon, 
We have been discussing the sensible experiences, 
both vival and kisusthetic, which make an observer 
‘say sometimes that he stands still and watches 1 resting 
ody, sometimes that be stands still and watches & 
moving body, sometimes that he moves and watches = 
‘aming body, and sometimes that be moves and watches 
Aimeving by. "The mowtimporant ger cael 
thar emerges is that there fg 2 cuntore of arbtrainen 
el cml fe al ec mony die 
particular character of the mixture which cautes ut 
{9 make now oue aud now another of thear four §ype 
of smtemect. 

) f can always, if? choose, senoe x series of visual 
Gelds, each of which coomins am appearanoc of 40 
sauigned physical obj at im oot. (1) Loan always, 
i Tebooee, sense a ssi of Sad in which succcesive 
































SENSIBLE AND PHYSICAL MOTION qr 


appearances of the amigned physical object occupy 
progressively more dusimilar seasible positions, But 
(i once 1 have decided which kind of sense object 
‘want to sense, conditions are fpesed on my kizmahatic 
sensations, which T avast simply atccpt. And the 
imposed coaditions vary from case to ease. Sometimes 
Tmost keep my head and body aul f 2 want scave 
1 completly u i 






will vary feors oecasion to occasion, Then (iv) there 
are various mixtures of rotations! and trsaslational 
ingathetic seasations which will cause the physical 
object to appear as a partially uniform sense-object with 
ity micoessive sense at the centres of my successive 
fields. But (v) the secse-object will not be uniform 
Jn depth, shape, brightness, ete. And (vi) not every 
‘mixture of teanslational and rotational Kinesbetic sensa- 
‘ons will secure even this result. if L arbitrarily choose 
10 experience a certain series of translational Kineathetic 
sensations, the amoust and speed of the rotational 
Kingathetic sensations needed will always be partly 
.nd sometimes wholly deteresined by the former series, 





Similar remarks apply, swat antonser if we arbitrarily 





‘we deliberately stand ail! and merely curs our heal, 
‘wa find that az often as we completely reverse the seriex 
‘= qualuatively unchanged appearance of the given 
physical object oorupies the cestre of our final visual 
field. On other occasions we find that, if we have once 
‘uned our hems and thus ceased to sease an appearance 
of a certain physical object at the centre of our fi 
mere mnveraal af the original series of rotational 
mmthetic seanations will not sufice 0 cestare & si 
eld. Ta such cases the amount and Kind of rational 
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Kinwathetlc scamstion needed foc the purpose are 
Indepaadent of out choice, and vary from one abject 
toanather. (will) Whee, in spite ofocr bestendeavours, 
the physical object fails to appeat in on visual sense. 
istry a8 0 completly wollorm seameobjec, the kind 
of noa-uoiformity im depth, shape, brightneas, tte, 
‘which I diaplaya is Lndegendent of our thotoe,” Ht 
Geterained forty by the particular misure of trans 

joan) and kinethetc seamtions which we have 
chonea out of the whole set which will keep the 
‘nccensive appearances in the ocntzea of the suecesive 
Selds. Asn rue, itis aot ally determined by this 
‘but is partly determined by ancther facior which it 
ite independent of us. Thin ober Gactor ip what 
vwecome to koow as “the physical motion of the body 
which we are lookiog.” 

tis thi mixzur of arbitrary choice and mubsoquent 
external compulsion which is at the basis of aur dig 
tinction becween “objective poysical motion aod rest," 
aod "subjective avosibip motion and reat." I shail 
now go into thie important mater s Ute more Fully, 
taking) some iesportint special caves which we have 
sa far touched on oaly Incidentally. 

() Secsive Sensible Appearenesof Coecsing Phyvicel 
Objuts—We Dave already seen thet, when a physical 
abject moves away fro us while we stand sill and 
leeep our yim 00 it it never appearh i@ Our sente- 
history as a amply uniform sense-object, although 

succvive apposracces are in the centies of Ou! 
succomive Gide. Tum wot at present eeacerned with 
the non-uniformity of the sense-object in respect to 
depth ot brightness. [Noe um i now concerned with that 
ind of non-uniformity which may be described as “dix 
tortion” of the sncestive appearances 38 compared with 
the appearance In some sandard Feld of the senae- 
‘itary, ns, withthe kind of variation which takes place 
in the successive appearances of the upper surface of 
2 poany as it moves amey from us while we exp out 
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eyes on it, What [want to discuss is that ‘ind of 
change which we describe by saying that, as time goes 
fon, we sce parts of the object which we could not see 
before, and cease to be able 10 sen parts of it which 
wwe could sce before. 
‘As far a3 our visual sensa are concerned, there it 
no particular difieulty in describing such expericness. 
series of sezsa which have enough con- 
tinuity with each other to count as svoceasive slices of 
le seaseobject. But, although dosely adjacent 
‘enna ofthe series are barely distinguishable in quabty, 
those at some distance apart difer in. the following 
"The earlier bas some parts 10 which nothing 
Corresponds in the iter, and the later Sax some parts 
to which nothing corresponds im the earier, The real 
problem i this: These sense are sewers, when the 
fee uF present the fist is past. But we suppose that 
the part of the fist to which mothiag corresponds in 
the seennd, and the part of the seenod to which nothing 
corresponds sn the first are appearances of co-<mutag 
parts ofthe physical object. Why do we assert physical 
coexistence on a basis of sensible auconusion? Since 
the opatial parts of physical objects are dhemseives 
physical objects, ané the spatial parts of sensa art 
themselves sensa, we may groersiise the problem 11 
follows: Under what eonditions do twa sumerne seman 
‘asserting the existence of twa cudemporery 

















"This question is, of course, raughly equivalent 10 
very lamoua ove dlacatecd by Kant io the Analytic 
of Princples of is Critqne of Pare Keaton. 1 
that Kat bit on one very Important part of the anewet, 
toot that other important ‘actor are involved beside the 
fone which he streses. Moreover, the Sage of Konig 
‘berg did aot number clearness of exposition among his 
any mecite, 30 that it will be well worth while 10 
dincuse the whole question afresh. "Lot up take a very 
simple concrete coample. From where I am aiting, 











+4 ‘SCIENTIFIC THOUGHT 


C1 ook straight Ia ost of me, the middle uf ay 
visual field is occupied by ax appearance of a certain 
picture. The rest of the field consists almost whotly 
of = cream-coloured background, which it a appear 
‘noon of the wall, In this Seld there is nombere an 
appearance of = door. If tum my bead enough to 
the Jeft I sanse a field whose general barkground is 
‘much as before. But, in che middle of it, san appear- 
ance of x door, and sowbere in itis there an appearance 
of the picture. From where 1 sic it is itmpomtible for 
these two physical objects to be represented by simul- 
‘taneous visual appearances in a single field. Neverthe 
eva, I judge them to co-exist, aidbough their appearances 
are always succes 

Now, first of all, what does my judgment of oo 
cexintence really profess co assert? It does 00%, I think, 
‘mean that the part of the history of the picture which 
appears to me when 1 look in one direction, and the 
ATL of the history of the door. which appears 10 me 
‘when 1 look in the other direction, are conterpormry. 
physical objects exist and endure, they must be strands 
of history, just ax sense-objects are, 4, they must be 
extended ia time. And a sensum is presumably 29 
‘appearance of a short alice of the history ofa physical 
‘abject Now, apact from complications about the velocity 
‘of light, it fe reasoeabie to suppose that successive sensn 
are appearances of succeasive slices of physical histary ; 
and { thiok we alweys do assume thes fn the absence 
of special reagons to the contrary. Thus the judgment 
‘that the pictare and the door co-exist, although their 
‘appearances are sucressive, dots not’ mean thar the 
smuccetsive appearances reveal contemporary allees of 
their hiseories Whar it mans is this: The history 
of the picture has gone on while I turned 10 the door: 
and, when the door appears co me, there is a slice 
of picturehistory contezporary with the slice of door- 
Distory sich now appears to me, and peactcaly indis- 
‘tinguishable in quality from the slice of picture-history 
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which appeared to me whes I last looked toward the 
jcture. Conversely, the doorhistory extends back- 
‘wards from the alice which is now appearing to mn; 
and there is a slice of it which 1 contemporary wich 
the alice of picturesbistory which appeared to me whan 
formerly looked at the picture. So what we arc really 

is that the picture-history extends forward for 








doorhisiory extends backwards for some time with prac 
tically 90 qualitative variation before the frvt slice that 
appeared t0 me. 

‘Now, | have already said that 1 do not profess to be 
able to prow that such assumptions are coer teue. I 
‘anyone suys that the existence of long strands of physica! 
Distory of almost uniform character does nat fllaw lagic- 
ally from the mert existence al cestaia times of picture- 
‘sensa and at other tines of door-sensa, I heartily agree. 
(ean only answer that we all 40, in tact, assume that 
enna are appearanecs of short slices of things which 
last longer than themselves, and that we can ocither 
refute this assumption, ger tid of it Sa practice, nor 
tir step without it. What we can do, however, ix to 
state the special conditions under which we hold that 
successive sensa art appearances of co-existing physical 
‘objects (in the sense deficed above), and show that, 
‘tubject to the yeneral assumption just mentioned, these 
‘oaditions are reasoeable. 

1 find that over a long period of time I sense a practt- 
cally wsitorm picturosense-objeet, whenever 1 look in 
certain direction. Moreover, can loot away and then 
look back again afer all kinds of difereat intervals, and 
1 sil fod a simlar senseobyest. Exactdy sumiler romuri 
apply, salar metas, co the sense-objet by which the 
‘dage appears to me. Now, theoretically, there are four 
‘possibilities: (2) My Jooking in a cecaia direction is a 
sulficient as weil as 2 necessary condition for producing 
2 Seld with a piuresensum im the middle of i (9) 
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‘The occurence, ata certin moment, of a feld with « 
plrure-seesum at the muddle of i, is 8 necesuary and 
tlcient condition of my turning my head at that 
‘moment in a certain direction. (iit) There in 

event which {e) causcs me to turn in the given direction 
‘whenever it ooeurs, and (8) prodnoes the pictare-sensum 
‘at the same time. (iv) The head-turning, and the pro- 
duction of the sensum when I have tursed, ate the 
results of two causally independent series. 

‘We will ir give familiar examples of these various 
possibilities. Suppose that on a certain day I past 
ceriain building several times at various intervals, and 
that on each occasion a brick tatla on my bead as J pass. 
te might be (i) that my passing sbakes dows a loose 
bricks whlch would not otherwise have fallen. Or (i) 
that Whenever 1 see that a brick is about to fa), 1 am 
170 much interested that T rush to the spot, and that 
nothing else ever takes one these. Or tii) that 1 go to 
the place when and only when a workman whois working, 
there calls me, and that be throws down a brick when 
and osly when 1 get there, because Ne in a ‘clans 
conscious proletarian” and regards me as a ‘lackey of 
‘the bourgeoisie." Or jw) it might be that my journeys 
to the place aad the falling of the bricks belong to 
‘eausaily independent series, Now 1 might be able to 
‘eut out the frst three alternatives by reflecting on the 
facts. 1 might know that [ 3:0 not beary enough to 
shake beicks dows by passing underneath. [ might 
know that I had 20: gone to the place because [iw 
thet « brick was going so fail, aad 1 might know hat 
‘bo workman ha called ee or throwa the bricks at me. 
1 might be able to explain why 1 had passed there on 
‘each occasion without needing to reer to anything going 
‘on atthe place whatere 

‘Supposing that this is $0, only one explanation of 
the fa would be reuscaubie, viz, that a fily steady 
stream of bricks has probably beca falling for moet of 
the day. Ih in aimost incredible that each of my visits 
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1m the place sbould happen to coincide wich the fall of 
2 brick, granted that the eauss ofthe visits and ofthe 
fale are quite independest, unless many more brick 
fall dian the ew that € happen to ‘stop Now let un 
spply thi argument ‘a the sensible appearance of the 
per amd of te doe. 0 era tat merely to 
1 given direction ot sulicient t produce ane 
Soa tome ite ull of y vel Bey 
Movher ames {ea Took in che aune direction and sense 
to euch senaim (eg. f someone has moved the pire). 
Trip alo cerasa that the occurrence of dhe enstim dot 
mot make me tum my head in that direction 00 the 
‘contrary, T often turn may Dead simply in order‘ ae 
weer I shall again sense the sane kiod of sensumn 
am tefore. And; in geaecal, I know why 1 tum my 
tread on each occasion, and can see that sy ac is cama 
pletely determined by causes which have no discover 
Able connexion with the causes which produce the 
sensu in the role of my Geld whea {do turn. Tam 
therefore foreed to cocclode, ether that there is a pretty 
contiguous stand of very sila pucuresensh, of whieh 
T sense the particular one which happens to be vorur- 
ring when { turn my bead, or atleast that tbece must 
bea pretty steady stream of similar physical events, 
cach of which is sufficient to produce & serum of the 
requited kind whenever my eye i turned in the right 
direction. Which of these two alteraatives is to be 
secepted does not much matter for the present purpote, 
sod the quesbon must be left to Chapter XIIL.” On 
citer altznative we are jostiied um conctoding shat 
there is a persistent and practically uniform "picture: 
object” slices of which Sit up the gape between my 
successive picture sensa. On the sarue groands 1 am 
justified ia. mupposing that there is a persistent and 
Practically uniform "door-objec,” slices of wich fil 
Up the gaps beowoen my successive door geass. 
Now let us suppose that J sat by looking at the 
Picture, and thea turn my ec: several times between 
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rates on diderent cocasions, also that I sometinies dwell 
fora time on one of the object without moving. Let 
Us represent picture-ensa by Tile crosses, door-sensa 
by litle circles, and the lapse of time by 2 direction from 
eft w right. ‘Then my sensible expenence may be re- 
presented by the diagram below. 


Na 


[Now let us represent the physical events which appear 
as picture-senm by dots, and those which appear ax 
oorsensa by little tines, Then tbe argument. from 
‘eausal independence, applied to both objects, uses 
ime in filling out asy sensible expecience ax indicated 
below. 








A slightly more dangerous argument would justify me 
{n extrapolating to some extent iz, in axcuming that 
tha history of the dooe and that of the picture extend 
‘ackwanls for some distance belore my earliest door 
fand pieturesensa. It would also justify men eupposing, 
that the bistary of the door extends forward for some 
distance after my test door-senmm. For, unless there 
‘be some special reason to think otherwise, its highly 
probable that I should happen to have looked first 
jn the door- or the pieture-drection just when there first 
Tbogan to be door of picture events. And it is highly 
improbable tha: door events ceased to happea just when 
happened to tarm my bead In the plture-direction for 
the last dime. Like all extrapolations, this argument 
a weaker than an intrapolation, and ita probability iz 
quickly diminisbed as it ie extended farther before the 
first senaura of one sevies or wfier the last seasum of 
the other series. 
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‘The argument Sor co-existence is now quite szaight. 
forward. There is a slice of picturehistory between 
my Gow and last picuresensom. And there is u slot 
‘of door-history between say first apd Tast door-sensum. 
‘Buc my frst dooe-sensum is afiar my firs picture-sensum 
and my last doorernsum is befoce my lest picture 
sensum, Hecos the interpolated piccure-bistory com: 
pletely overlaps the interpolated door-history, az the 
second diagram shows. I believe thia ws be the eruth 
Underlying Kanes rather confused argument in the 
Ansiyne of Principles; ‘wot that is a purely historical 
‘question io which I take no particular interest 

‘There are, however, at Jeast two other criteria of 
physical coveisiance ia face af sensible succession. 
One of these can be dealt wich only when we bave 
‘coauidered our knowlcdge of our cwn bodies. The 
‘other may be mentioned at once. I am not obliged t0 
aay in one place While I sat in my chair at che table 
it iy true that the picture and the door ca only appear 
sucoaseively in my senserbistory. But, if T move back- 
‘wands to the other side of the room, I can sense a single 
field with 1 picture-sensue at the middle, wad x door 
gensum to the lef. These genta co-crist, and they are 
extremely like the corresponding semua in my successive 
field when I was nearer the wall. They are smaller, 
land have greater depth ; otherwise there is very (le 
difference. As 1 approach the wall on wich the picture 
is hanging, keeping my eye ox i, [ first sense a series 
‘of fields with both the done and the picture-sensa in each 
‘of them, As 1 go on, the door-sensum is more and 
more tp the exteise left of it field, and more and more 
distorted. At last there comes a point where the Geld 
does not contain any appearance of the door. The (wo 
kinds of sensa can z0W oaly be sensed succeesvely. 
[Naw the corczistent sense were presomably appesrances 
cf contemporary sbecs of two overlapping sands of 
phytical history. And the subsequent suoceasive semaa 
fare so orvch like the former slosultaneous gues, thar it 
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ls reasoaable to suppose that the same pait of strands 
‘of physical history contimse, and continue to overlap in 
time, although contemporary slices can xo longer appear 
in my sense-istory. 

‘Similac remazks apply to looking st « physical object 
and gradually feeling iss surface. [t in true that the 
uctual senaa are successive, and yet that I take them mx 
informing me about the shape of the physical obyect at 
dome one moment. But we find that we can make the 
‘uctual senan follow each other in various series at wil, 
provided we initiate suyable series of kinesthetic sensa 
(ions. And we can repeat any of these series ay often 
as we like, Meanwhile, the visutl appearances keep 
constant, and we sense a completely uniform visual 
sersecbject. Iz whatever order we gene our tactual 
sensa, they are connected with a part of the visual 
appearance at the tige. Tc in difficult to resist the con= 
vicuon that we are dealing with » usiform strand of 
phymeal history, and thar each of oor tactual seve, 
‘reveals w bic of some slice of i. True, the slices revealed 
bby suconeaive tactual sensa are presumably successive + 
but thea the uniformity of the visual sensi-object 
suggests that they are afl alike in their spatial charncter- 
iaties. Hence, what we learn by touch about difirewt 
parts of mecassive sles may be put togetver 10 tell us 
‘About the shoe of eng one tlce. Here, again, there are 
certain facts about our experiences of oar own bodies 
‘which reinforce this interpretation. 

©) Single Obuerver Watching 100 Physical Objects in 
Reletrve Motwon.—tn the Inst gub-eection we were really 
‘dealing with the caze of one observer wha watches tH 
Physical objects which are at reat relatively to each 
‘other and to his body, but which cannot bath be seen 
at once. Let ut sow consider the car of an observer 














the observer wilt always be able to h 
physical objects appear as a wniform seame-object, 
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‘whase successive senaa are atthe centres af is sucesssive 
fields, providat he moves surtably. We can therefore 

uatiers by supposing that one of the bodies 
appears in the observer's sease-bistory as & completely 
‘uniform sease-objecz. Let this body be A. Tt may be 
that ax first be wll sense «series of fieids in which 
‘both A and the other body B appear a3 sense objec. 
If 30, he will notice that B does not appear in the form 
‘of a uniform sensecbject. Each senstim of the sense- 
object by which B appears, will very bicely have sensible 
motion in its own Feld. Again, successive B-senss wil 
‘ocrupy more and more cecentre posiuons im. ther 
reapective fields and will be more and more distorted. 
‘Thus A and B appear at frst a2 (wo sense-obyects which 
overlap in time, rey 23 (wo Overlapping strands i the 
cobyerver's sense-history. But, Hf we uke successive 
pair of contemporary slices of the wo strands, we aball 
find 1 progresive variation in thew respective sensible 
distances apart. Senaam 4, and sensum & 10 the field, 
‘havea cern sensible distance d. Thos:s lightly greater 

the sensible distance between «,.. unl b., 38 
ve And it is slightly ess than deny the 
sensible distance between aa, and f,,, in the field fy 
mn fact, if you take the (wo sense-obsects together as 
forming a kind of composite sense-obect of a higher 
‘order in the observes's sense-history, wt has the peculiar 
Sand of non-umformsty which { have yest been descnbing 
‘And this kind of non-uniformity is characteriave of the 
relative motian of sense-objects. 

‘Now as time goes on the sensa of the B-sense-chyect 
will occupy more and more eeceatnc positions in thert 
respective fields, oll at length oo more seman of the 
kind appear m the observer'ssense-hstory. After thus, 
hhe mill still be able to sease appearances of A and of B, 
provided he tums his bead: but Re will no longer be 
able to senac chem in a single Geld: they must be sensed 
succomively or not at all. Let us now compare and 
contrast this with che cases discussed in dhe last anb- 
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section. (1) Obviously the Inter stages of this case bear 
4 cerain resemblance to the test; ey in both, the 
‘observer can only sense appearances of the two physical 
objects successively. One important diference 1$ that 
‘this situation has developed out of one in which he could 
sense appearances of both objects together And it has 
developed vndependendy of the observer; it not due to 
any changes of bodily position that he bas made, [a 
the previous case, if be started by being ble 10 sense 
‘appeacances of the wo objects in the same Seld, be went 
fm being able to da 20, ucless he dehberaiely moved 
nearer to the two objects. (3) It ie true that, in che 
Present case ifthe obmcrver choonea to wall backwards 
quickly encugh, be can agsis sense fields in which both 
A-and B appear. But, whereas in the former ease he 
‘could continue to sense the two appearances together by 
‘merely walking acertain distance backwards and zapping 
there, he will now find that be must Aap on walkong 
Dackwards if he wasts to keep on sensing Belds in which 
‘both the otyeets appear. Ie 16 shus clear that un this 
case there is lace of reversibulty, due to the operation 
Of same exreal condition, which is not present in 
the former cases. The externally imposed eonditian in 
evidently somedhing of the nature of a continuous process, 
With a ate and direction of 1s owa, wich, if is tm be 
compensated for at all, must be compensated for by 
another appropriate continous process in the observer 
ody. The loterpretation of this process as wrtement is 
‘fendered almost inevitable By the fat that 30 long as A 
and B are appearieg uader the form of two sense-ohyecen 
‘with contemporary slices in each of the successive fields 
of x sensehisiory, there is sensible celatve aiotian 
between these senseobjecs, as described above. (3) 
nally, the irreversibility of the present, a8 compara 
the reversibility of the Inst case, shows imelf in 
apather way. When I deait with two resting physical 
objects which 1 could see only suocesively, 1 could 
always pass from the field comaining an appearance of 
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‘A atts centre to the Beld containing as appearance of B 
‘ts centre, and back again, by a mere reversal of my 
tational kinrsthetic seasations. And the «wount of 
tuming needed was quite independent of the rate at 
‘which t temed, or the time for which 1 duit on one 
of them before turning to the other. With the relatively 
‘moving physical object this complete reversibility breaks 
down. The position here is as follows: f [turn from 
A to Bon one occasion, a reversal of the process will 
indeed bring me back to A. But, if T now repeat the 
procers, the amount of turning will always be greater 
than before, and it will be greater the longer 1 have 
dwelt on A Again: IfT turn too slowly, } shall not be 
sable to pick up an appearance of B xt all; and, if curn 
quickly cough to do this, then the quicker ( tura 
the iss amount of turning will be seeded. Lastly, the 
minimum quickness needed will be correlated with the 
sswifineas ofthe relative motion between the venae-obnects 
of A and B, wheo both these coexist in my sense 
history 

() Retation.—For the make of completeness 1 must 
‘47 something about rotation, and forthe sake of brevity 
U shall say Dut litle. It will be fairly easy for the 
eater to work out the details for himself by analogy 
‘with what has already been said. I have so far assured 
that we were looking at objects which either rested 
altogether oF moved with a purely trnslatory motion in 
‘apace. Let us now consider the expenences of an 
‘observer who stands still and watches a rotating plvysical 
‘obyect which 5 translationally at rest. He wil be able 
tw Keep ils successive appearances in the centres of his 
successive felds without needing to have ether transia- 
local oF rotational kiesthetic sensations. But the 
smuse-object, which is the appearance of the rotating 
physical object am es senseshistory, will be far from 
tenform. Tn the first place, each of the sensa may have 
sensible rotation (x quite peculiar and charactenstic 
eme-quality) iz xe own Geld. Then, although closely 
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successive appearances will be very much alike, there 
will always be a part of the later to which nothing 
Sorresponis im the earGer, and conversely. Io this 
respect the sonsc-object which is the appearance of a 
fovating body bears some resemblance to the Hease- 
Object by which moving, Dut nonrotaing, body 
ppeass in the sense-hizory of an obmerver who follows 
{he body with kis eye by turning his bead. 

‘There in however, an important difference. Aer 
1 om the series of sevsa will begin to repeat ie 
the same onder, and it will do this ayaln and. agai 
‘We may say, then, that «rotating body, which keeps in 
the same place and is looked at by a resting: obeerver, 
Appears in hi snoserhitory a x povinonely uniform, 
but pried, seseabyect. Now it x pusible for a none 
rotating body to appear as a periodic senseobjec, and 
for a rating body to appear as a non-period\c sense- 
obyect, But'in each case the observer wil have 10 
‘walle round” the body ; 206, as he does 30, suitably 
turn his head at each moment. “Walking round" @ 
‘ody appears in the sense experience of the observer a 
f preuliar series of kinsesthebe senuations. Ife wants 
1 rating physical object to appear in the form of 
completely uniform sense object, he mst walk round at 
2 perfectly definite rv, which depends on cicamances 
fover which be his no control. Thes, again, we are 
foroed te the conclusion chat there are weteral 
ssaves uf change, commeced seth changes in our 
seanchistoriest and that ceraiz detnite series of kin- 
teathetic sensations are the signs of process of change 
in our own bodies which are“ quivalent t2” dhs in 
the sense that they compensate for thea nnd give & 
tuniform sense-object. 

) Swoumary of Ramite of the proves Section. —The 
upshot of our Gispuasion on the corriations between 
visual monon and rest aod tbe kinenthetic temations 
of a single observer seems to be at follows: (1) In 
dealing with 4 single physical object we can generally 
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asrange at will whether it sball appear io the form of 
42 ponitionally uniform or a positionaly non-uniform 
(ie, moving) venae-abjecr. But (2}:m order ta do this, 
‘we must sometines inate series of Kinetic senss. 
ions, and must sometimes refrain from doing 90 
‘Sometimes a physical objec will appear in my sense 
binary ae a nilorm searobjec, if and only if 1 
refrain from staring a serien ef kiowesthetc sensations, 
Te sa, it wil appear as & non-uniform sxnse-abyect wen 
1 do inkiace any such aericx. And the nature of the 
ontuniformity mill epend wholly 00 the mature of th 
series which 1 choose to carry on. (2) Sometimes 
Physical object will appear in my senschimory aa 
uniform vanveobject if and only WT iutiate x gern 
seria of Kinwesthetic sensations.” If 10, che approprate 
series is fined for me. Mf { do mot carry out one of the 
froup of sppropram seis the phys! bjt wil 
Appear us a xow-umform sense-abject, wbove particular 
rnon-oniformity depends perdi, and oxy partly, on me 
And my kinwathetio sensations. Having made puny 
mind whether 1 want a physical object to eppear 43 
uniform or a non-unilorm vense-abject, I have to 
Conform to conditions which are imposed on me. And 
these conditions vary fromone case to another. (4) Now 
‘a seria of honaesthetic seasations in me is prestteably 
sas appearance of a cerain process of change ia. my 
body. 1 know that this process is ene condition wehich 
produces non-uniformity of sense-objecte ia my sense: 
history; for in many cases I do sense 2 uniform 

ject 50 long as I rafeme from having. kin- 
sumbetic sensations, and it becomes non-unifora: 80 300n 
a start to have such seaswtions. Conversely, 1 know 
that in many other cases sense-abjects have the same 
ind af non-uniSormity whea { have xe kinesthetic sensa- 
sions, and that this non-uniformity can be elminaked 
SOL start a suiuble series of kineshete sensations. Tt 
therefore seems reasonable to suppose that the other 
tof conditions, to which J Rave $0 conform, i another 
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process of the same general cheracer az that in may 
‘own body which is reveaied to me by my kinemthetic 
sensations. in fact, it seems probable that the positional 
‘undformity oF non-uniformity of the vense-object by 
which 4 certain physical object appears to we, depends 
in general on the co-operation af fs sets af physical 
roceasea, one in my body and the other in the physical 
abject; aud that the latter proceas is of the same general 
character 29 the former, which is revealed ta me by 
my Kinmsthetic sensations. (5) Of course it remains a 
‘question whether these processes should be regarded as 
suotons, and, if 90, in what Space and shat Time they 
happen. Far the present all that we can da ig 
make the following tentative suggestion : Two different 
physical objecta often appear as two temporally aver- 
lapping sense-objects throughout x long tract of iy 
sense-hutory. Ose may be pontooaily uniform and 
the other mots if 90) one of the sense-objects will be 
in vennibic relative motos to the other. Let A be the 
physical object which appears as a uniform vence- 
‘object a; and fet B, che other physical olyect, appear 
in my sense-history as the non-usilorm vense object 8. 
From what has gone before, I conclude that the uni- 
formity of a depends on certain processes (or, in the 
liemting ease, on the absence of stich procesnes) in my 
body and in A. Sis it 

of 8 depends 
body and B. 

(o both, it seems certain that there mst be a 
between the A:proceas and the B-proceasj for otherwise 
there is n0 apparent reasa why a should be oniform 
and 8 norumform. Thus a diferewe between the 
processes ia A and B is correlated with sensible relative 
‘tetioe between « and 8, the twa scnse-objects by which 
‘A and B appear in this tract of my sente-history. 
Conversely, if A and B hed both eppeared a8 unioctn 
sensrobjects, a similar argumeat would show that there 
iz no reason to assume that there is any diference 
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‘between the relevant physical provesses in A and B. 
‘Thus sensible mistior rest between a and Py the sencc- 
objects by which A and B appear in ts tract of my 
ssense-history, fa corzelated with adeanty of the proceasca 
in Aad B. 

‘Thin I think, is about as far at we can go without 
centering into further detail about the human body as 
1s physical object, and oue knowledge about . Whes 
‘we have done this, we shall find shat the genera! con- 
clusion (4), and the more special conclusion that the 
physical processes oo which the uniformity or non-usi 
formity of visual sense-objects depends are of the navure 
‘of motions, are greatly srengthened. We will, there- 
fore, make this the subject of our next section. 


‘Pas Hosur Body as Physica! Okjet. — Human 
bodies may be, as we are told that they are, “temples 
of the Holy Ghost"; in which case it mest be admitted 
thatthe Third Person ia the Trinity sometices displays 
A strange taste in teanplos. But, whatever else they 
may by they certainly are physical objects ap much at 
chairer tables. Neverthelens, tory do occupy a peculiar 
porition among physical objects. In the fcst place, 
‘ach in connected ina perfectly unique way with a 
‘observing mind, which loos out a the reat of the world 
from ita body." Secondly, each of those minds as a 
ecuhar knowledge af i own body, which it dots not 
have of any other body in the universe. A given mind 
perceives every other body exccpt is own in exactly tha 
same way a5 it perecives a chair or m potsio. It per- 

‘awn body, party in this way, and party in a 
spite diffrent way, viz, hy organie sensations. Lastly, 
the minds connected with various bumtn bodies cx 
sand do conseantly communicate with each other, x0 tat 
Dbserver A learns that observer 3 perceives B's body io 
the same way in which A perceives his own body. A 
tleo fearns that B can no more peresive A's body in 
thia way than ve himself cart perosve B's body in this 


























af SCIENTIFIC THOUGHT 


‘way. 1 believe that these pecubarites of human bodies 
and of our knowledge about them are eszestal factors 
in founding the common-sense acd scientific notions of 
<dereicpiog the concepts of 
Dhysical Space, Time, and Motios. 

) A Soliary Ohaarvers Povegtion of his rw Body) 
1140 not know very winch about my own body directly 
by sight, ut 1 do know something. cannot see my 
‘own head at all, though by means of « zltror { can aoe 
an incomplete optical object ia « diferent plare, and 1 
now conclude oc various grounds thar it i8 very mush 
like the optical constituent of my head. 1 
front of my trunk from a ttle below the ch 
amy hands and feet often quite distinctly; and can see 
fess distinctly the upper parts of ay arms. “The greater 
part of the visual appearance of that faction of my body 
‘Which does appear is the visual Seld is very vague end 

iotorted. 

‘There are rwo Important polots to notice aboot he 
visual appearances of my trunk. (@) Altbough they are 
so fragmentary, they are almost invariably present in 
‘my visual sense-history. To senec visual Bekl with 
19 such sense init, 1 bave to follow the advice given 
the happy band of pilgrims,” and ‘look upward co the 
skies," ina most uncatural and wacomfortable way. In 
fact, my own trunk appears to me as a highly uniform 
and highly persitent visual sense-object. Whenerer 1 
Carry oo « series of translaiory kinweathetic seotations the 
‘eveater part of the cootents of my later elds bears no 
‘resemblance to that of ry easier Selds. But the visual 
Appearances of ony body are present with Kitle reration 
theoughout. (i) The other pecoliaity ia tbat all the 
‘ioual appearances of my trun havea very small viaual 
depth in all tbe Selda. “They are atthe extreme front” 
of each field, and the visual appearances of all otber 
physical objects are “behind” them ac vazious greater 
depths in the field. 

‘Now, with other objects that appear in my visual 
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sease-blstory, 1 have to initiate a cermin series of tranz- 
Jatary kinzsthetic seasations before I can sense any corre 
laced tactual sensa. As this series goes on, the visual 
depths of the successive sensa, which togetber make up 
the senueubject, steadily decease in each mucccmive 
feld. But, a8 1 have said, the vsual appearances of 
‘my own body have a practically constant minimal depth 
in all my successive visual Selds. Thus, when 1 walle 
‘up to a resting physical object, there are two sense- 
‘objects which co-exist throughout this tract of my aenst- 
‘One 








‘sena that belong ta it have progressively diminishing 
depths in their respective fields, There are also corme- 
ated variations in sizy brightess, eic. The other iy 
the sanse-object by which my awn body appears is my 
sense-history. Thos is practically uniform, since all its 
succensive wena bave misimal visual depth. Thus, 
successive pairs of contemporary senaa, one from on¢ 
‘sete-object and the other from the other, have progres: 
sively smaller visual distances xpart. So the series of 
translatory Kinmytbetic sensations, expesienced in wall- 
‘ng up to an external physical object, is ansociated with 
ansible relative motioe between the seast-object whi 
representa the external body and the sease-object which 
is the appearance af ary own body ic my visual sense- 
bimory. 

(3) My tactual sensasions of say own body are 
peculiar. (3) As I bave sald, mor physical objects 
‘which appear ia my vitual sense-history can only be 
touched after an appropciate series of tanslatory kin- 
smathetic sensations. If this series be reversed, st s00n, 
‘ease 10 be able to sense any tactual gensa correlated 
with oue viowal sense. But wa da not eed to walic in 
order to touch our oun bodies; and, having once 
‘auched them, we do not cease to be able to do so by 
walking away. Ia fac, all other tactual senor-objects 
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ase rigidly bound up with serie of translatory kin- 
immbetic seneations; but the tctual sense-abject which 
representa may body 5s indiGerent to all uch series, 
‘Thin muse be correlated with the Sat chat tranlatory 
Kinaathetic sensations make no diference to te depthe 
of anccamive vieual appencances af out own bodies, 
‘wheceas they do make 2 difference bo the depths of the 
‘tuceestive visual appearances of nearly al other pyeical 
objects My trunk is the oly physical object which 
appears throughout tke was of my visual senao-butory 
tia positcaally undorm sense-object; and st is the 
‘only puysical object which (ean touch whenever Tike, 

fi, which I need sot walk up to and cannot walk 
aveay from. 

(Gi) The tactual senaa whch 5 sense when touch 
my owa body are characteristcally diferent (rom thuse 
‘whiclT ncnge when 1 toueh any foreign body. Suppose 
that in each of two successive rial Gckls of my history 
there is an appearance of my hand. In the frst, le this 
be in visual contact with an appercance of my cable, 
and in the seooed let it be in visual contact with an 
appeartnoe of my leg. Apart from minor qualitative 
differences thece wil be the Rendamental diferenoe that, 
in the nooond case, 1 fel my leg being touched” ax 
well as "feel my leg with my Singer.” Tain pecullar 
experience of "double contact,” as i is called, helps me 
to distinguish the surface of my owa body from those of 
all other physical obpects. It also helps the solitary 
cohscrver to fil out the very fragmentary knowledge of 
hin ows body which he would have sf hr were oocfined 
to visual appearances. alone. He cin feel a closed 
sutface, matked ost by the charactedatic of double 
contact; and can gradually explore its cootours. Only 
2 very small part of these tactva) senaa wil be correlated 

‘hin visual senam But I cam start with o vinual 
appearance of ny band visbly in contact ith a visosh 
sppearance of some part of my truck, and ean gradually 
save my band 50 that its micomaive appearances in 
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suceessive fields ase nearer and nearer to the extreme 
edge of the appearance of my trunk. At length I shall 
tno longer be able to see my hand ; but the character- 
ine tartual sensa will still be sensed, and they will be 
continuous with those ealier aces which tore correlated 
‘with the visual appearance of my hand visibly In contact 
with the visual appearance of part of my trunk. 
Finally, as { go an moving my Sand, it may beoome 

ible again and its vaual appearance will again be 
‘sible contact with the exireme edge of 2 visual 
appearance af part of my tron.” My own body is thus 
known to me by tactoal exploration a9 « closed surface 
which resists my efforts to penetzate 1, Hike ary other 
physical object. But it is sacked out from the other 
Closed surfaces that I feel by the qualitative peculiarity 
of the tcrual senaa, and by the fect that I do not have 
ta walle up ta (tand cannon walle aray from it, 

(a) We come finaly to a mom important peculiarity 
‘of our sense-experence of our own bodies [am 
constandy geting mild tactun) sensations from the 
‘whole surface of my body witbout actively explonieg it 
with my band. These came fom the contact of my 
clothes, from ir-currents, and soon. In each Specious 
Present they form « mass which is the largest part of 
‘what T vil cal the somatic Ald. These somatic Selds 
are, 1 the main, extremely alike aver long periods of 
time; they thus join wp with each olber to form an 
extremely unifora: somane iesesbjec. Within each 
somatic field certain characteristic seasa stand out ; ¢., 
stone time Tay itch im ane place, and at another time 
T may fee! x burn at another place, and s0 on. Now 
ieralty "inside dhe somatic fields there are from time 
to time outstandiag bodily feelings, like headaches and 
toothaches and stansch-sches, which enliven my somatic 
Uistory and prevent it from being perfectly ume and 
uniform. Agar, my kinzatheticsersations wre sensible 
events with places ia my somatic fields. Thus a 
peculiacity of my body is thar I have sense-perorption 
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of events which happea in ite sacide, as well at of events 
fon its outside. Of coure, events in the inside of my 
ody appear to we ine very peculiar way, vi, by Kin 
‘entheti sensations, bodily eine, ec, Bue the insides 
lather bodies do nat appear to win in sense-pesceptian 
in any way whatever, unten of course, I cut them open 
cot “tum them inaide oat." " And if I do this, Lam 20 
Perceiving their insides white they are iaside, but am 
‘only peresving new outsides, which for various reasons 
Take ta be exactly similae to former ides. 

(0) Sorat Insreommavnicating Observers watching tach 
thers Bodus—UE L were nad hed always bees @ com 
Piety solitary observer, thew fate about my body 
‘would not help me very much to form tbe concept of 
Physical objecs, having insides az well as outsides, 

rnying postions in physical Space, and moving 
about in 1 28 physical Time elapses. {should rather 
De inclined 10 sirest the Gitérences between my own 
body and all other objects shar appear to me, and Jeave 
the marter there. But I am notin this ankitarysiteaion. 
‘The irporeant fact i that there are otber people like 
myself, whose bodies I can see and touch, and. with 
‘whom I'can exchange actes by verbal communication 
(ind geaturen. I am convinced that this fac plays a 
‘itaily important pert both in the development of the 
general concept of physical obyets, and in the develop- 
ment of the connected concepts of physica! Space, Tirse, 
find Motion. 

‘Any other human body is perceived by se in exactly 
the same way as I peretive a sone ora chair. 11 ook 
ati it appears a8 a characteristic visual sexsam in the 
ratdale of my visual feld. [eas thes approach i and 
‘enot correlated tactua!senaa. And there is na exsental 
iMfresce in the experiences which 1 have in this cae 
land in that ofan ordizary inorganic object. Similarly, 
T pereive the motion of rest of another framan body 
in precisely the same way a8 I peroive thous of any 
lotber external object. But 1 ooognise that ter human 
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bodies are connected with minds like my own; and, 
atthouge 1 ean only know their bodies from the outside, 
they tell me that chey Enow them from the inside, and 
that they know caine only from the outside, 1 under 
stand what they mean, because of my own experiences, 
described in the last sub-eccon. 1 thus come 10 
recognise that there are plenty of ether bodies beside 
‘my awn, having internal processes; although { cannot 
percave these procemes in any body except my Own. 
‘So the Gact that 1 cannot perosive such processes else- 
‘where ceases to be any retaon for supposing that they 
Ho not enur elsewhere. know thet chey happen in my 
body, although other people teli me chat thy cannot 
[perceive them j and Tamm therefore ready to beheve that 
they happen in other men’s bodies, though 7 cannot 
ppevocive them; simon they tell ime that they can 
Ho 20. 

The logical position is therefore as follows: (i) { 
senow what is masas by intarsal proceaics from my Own 
nense-expariecoes of plexsures, pains, kinasthete: Sersa- 
tions, et (i) I beliews that there az= other mifoneet 
of bodes with much interna) processes, from communion 
tion with otber minds ; though I cannot myself perceive 
these processes 10 he other instances (in) T then 
‘rund this caoception that bodies have “insides” in 
‘which all Kinds of interesting events happen, from 
Jruman bodies to ovbers, which, so far ax I kann, are 
fot connected with sinds, (iv) This ix reasonable, 
because they appear to me in exactly the same way a5 
a all huzan bodies except my own; and 1 already 
know, for the instances of other human bodies, that 
the non-appearance af interval proceapes to my snes 

Guite compatible with the fact that such processes re 
‘going on. I thus conceive that all my sanse-objecs art 

pearacces of physical object, which have an inncr 
itary of their own, and are sats of internal processes 
in the way in which hucan bodies ar the seats of those 
processes mich appear to the minds connected with 




















or SCIENTIFIC THOUGHT 


them as beadsches, toothaches, kinesthetic sencations, 
etx. Haw far in dita! the anslogy ia to be pecssed ia 
(of course snather question, which can only be gradually 
rammed by enpical invtgation 1 pope ow 
‘to apply these general considerations, Sret to the generat 
‘concept of plysical objects, and then to the more special 
concept af physical motion and rest. 

(0) The Haman Body as the sypizr! Physical Objet 
Imerommanication with other human minds, and 
‘observation of the appearances of their bodies, SI) out 
the general concept of physical objects in the foliowi 











ways 

(1) Any of the sease objects by which other physical 
objects appear to us is liable to sudden interruptions. 
‘The viaual sease-object comes to an end ia darkness, 
‘or when we shut our eyes or tum our heads away. 
‘And the tactual sense-object exists only when we are 
st oc near # cenain place. But, in spite of thete 
interruptions in the seasible appearances of otber men’ 
odin ia may sease-history, the minds connectad with 
thse bodies tel me thas their somatic history ay gone 
fon atl the time with very litle change. Thus in the 
cane of human bodies, T have reaton to believe that 
their inner history is asuch more permanent and 
continuous than their appearances in ay sense-histary. 
T extend this conclusion by analogy to non-human 
foodies, which appear in the aame kind of way in may 
sensehistory. This argument is strengthened by the 
fact that 1 know that ay own somatic history is going 
fon steadily at times when othe: men tell me Gut Toy 
body fn ceased to appear in sbeie sense-histoces. 

(2) 1 know that f can initiawe noises, bodily move 
sents, etc. and that when 1 do 30 they are preceded 
by special series of events in my somatlc sense-histry. 
Other people tell me chat they hear ncises, see move. 
ments, and 30 on, at the centre which is the opti 
place ofthe visual appeacances of my body. Similarly, 
‘whea 1 hear noises or see movements connected with 
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the place ocsapied by the optics! constituent af anothas 
sman's body, he wll ell me that he has beex making” 
the noises or movements. This means that he priced 
them by intisting am appropriate senes of semible 
events in his somatic bisory. ‘Thus we amive at B1e 
{eneral conclusion thet many changes in the visual 
Sppearanoes of A's body in B's visu! senae-hosory are 
connected with changes ia A's somatic sese-hstory. 
Now the lauer are appearances to A of pby;ncal eventa 
within bis own bedy. Thus, in the case of x buman 
body, we reacts the notion thatthe place which is nealdy 
cocupied by fea optical constituent ta phyacally occupied 
by cerasa events which produce changes in ths optical 
object or wt any rate in parts of it. his as the crude 
beginning of the rotor of scientiSe events and thet 

connenion wth sensible appearances. We exicad this 
result in the usual way to those places which are 
optically occupied by complete optical objects which 
Are constituents Of non-human bodies. That 16, #e 
conclude that these places are physically cupied by 
certain events which are responsible for the changes 
that take place from tune to time an the complete 
optical object. 

(G) The comparative constancy of my somanc sense- 
istry. combined wich the fact that no one can “gee” 
the whale surface of my body at once, supports the 

jew that swcsyee visual seman often justify a beliel 
in cvesung physical objets, or parts of one physical 
‘Object. No ne can sex my Soe and the back of my 
head at the sume time, though there may be an appear- 
ance of each of these in gucseasive visual elds of the 
saime obverver. But I know that my somatic husory 
includes “face feelings" and. ‘bead flings” in neck 
Of ios successive Gekis.Thas, although the observer's 
visual senan were successive, and presumably revested 
fon-contemporary slices of my body-hisiory, yet there 
is season wo suppose that cack of theae slices (and all 
that came between them) included a part corcespoating 
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tm the appearance of & head, and « part corresponding 
to the appearance of foom. 

‘These soem to be the main factors which our per 
seption of our ows bodies and our intercommniation 

ch other observers supply to the concept of physical 
objects in general. The Buman body is she physical 
tibject par ernlmer; with an “inside” which is. cone 
Smualy, if inadequately, perceived by its own mind 
Shrough bodily feelings; ‘with an outaxde which 
percrived on and off by other observers through their 
Visual and tactual sensations; and with Soternal pro- 
‘eames, which reveal themselves (o laa own mind as 
linmathetic and other bodily fectings, and reveal them 
selves to other minds as sovercents und orber changes in 
ita visual and other appearances. Each observer reaches 
the notion ef hussan bodies as complete physical obj 
boy combining hia own experiences of the inside 
ferdy with what other observers tell ion about their 
experiences ofthe outside of is body. He then extends 
the general coneepbon, thus formed, to nowhuman 
physica objects, which canaot teil him about their uwn 
insides. 

(a) The Haman Body ond the Concept of Physual 
Moton.—In the section on the correlations between 
Iiumsthetic secaations of @ single observer and the 
‘mation oF rest of visual senseobjects In his sease- 
history, we made no special assumption as to the nature 
of the physical ubjects which be was watching. They 

ight be other human bodies, or they 
inarganic bodies, Tike pennies or chairs. “Even ao, we 
raachod the fol 
the reader: () That this observer might reasonably 
‘poclude that the postions! uniformity or wen-umiformi 























of the visual sense-object by wich a certain physical 
hject appears in his arnaebitny, depends im general 
fon the co-operation of two procs, one in bi own 
tidy and the other in che physica! object which be de 





SENSIBLE AND PHYSICAL MOTION 447 


in the fora of a series of Kieasthetic sensations in his 
somatic sensecistory. And it if reasonable to think 
thatthe other Is of the same general nature. Gi) That 
this nbserver might reasonably Bold that a cenain 

ity between suck processes 2 two physical objects 
‘A and B involves relative rest between, them, and that 
differences between the two processes favolve relative 
‘notion between A and 8. 

[Now these conclusions, which are rendered higbly 
plausible by the mere correlations between «solar 
Observer's Kinmathet sensations and the motion oF 
featof hus senseobjers, are greatly strengthened when 
the phyncal objec which he watches aze the bodies 
of ether abyervers who cas communicate with biz. 

(1) Suppose that observer @ waiches B, the body of 
observer By and that at the sume tine’ observer 
wwatshes A, the body of observer e. ‘The correlations 
‘between the lanastbete sensations and Ure wie so 
‘jects of each observer are of exactly the samc kind 
ts if he wore watching an inorganic body. But, in 
(he present case, the observer and tbe observed can 
‘sompare notes about ther Kinsthetic seruabons and 
he vinual sease-yjocs. Let un frst suppose that « 
dons not have to keep tarsing his head in order to keep 

ia eye on B, and that B appears to him as. completly 
uniform visual seaseobject. Then 8 will til a that 
be, t00, does not need to keep turtng his bead in onder 
to keep his eye on A, and that A appears io bie aensn- 
Iiatory a8 a completely uniform vistal sense-objoc. If 
they now compare their transitory icnauthetic semua 
‘ons, they will Sind either chat they are absext i bot, 
0%, if preset, are af precisely the sume character, 

Let us next suppose that finds that he has to eep 
turning his bead ie onder ta keep his eye on B, B wil 
then appear in o's sense-history as a party, but only 
arly, uniform sense-object. ‘The nature of is som 
‘unllemity has already been fully described. Now B 
‘ill also Bing, and wil tell « tbat be finds, tbat be ust 
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teeep teniog bis head in onder to beep his eye on A, 
and that A appears in his sense-history a5 a partly, but 
only partly, uaifare sense objec of the kind already 
Aescribed. Sn this case cand 8 will 62d, on comparing 
ster, tha: they bulb experience a series of rotational 
‘insachetic seaaations, and tha there in an amnby 
‘bemeen them. Bay, onthe other hand, they wil 
always find tha there isa <ifermcr between their tans 
Inuory kinwatheic sensstons. ‘This will sometimes take 
the form that one and only one’ of them has such 
senaalons at all (1 am leroy out of wocount fr the 
take of simplicity observers who are cartied tbo 
vithout efor in trains or mouar-cars) There 1 one 
other imporast point which they wall discover on 
eampanng ther experiences The appearance of a's 
thea 18 sensesstory will be a rotang visual sends 
objects and 90 will be the appearance of A's head fs o's 
serse-iaiory. Thus eack will ducover tha, of bus two 
Kinds of kinmstheue semation, one 1 corvelated with a 
‘manna oot-uniform seoseabyect by which hu head 
fippears in the senee-bisory of the ober obverver, and 
the other kind is correlated wah a psihanally non- 
tuniform sence-obyect, by which his body appears 10 the 
stary of te eer obwerver. 
{2) Solar, we hare confined ourselves ttwo observes 
sand i respectively watching B aad A, the bodies of 
the other. Let us now take an obterver 7, who watches 
the bodies A and Bi of the two observers « aad 8, Who 
fan communicate wih him and with each otter. As we 
have said belore, fy keeps up « suitable srrcs of 
Ikinsstheric sensations, he can always make A appear m 
bis sense-history as a completly znifocm sense-object, 
eat of whose succeasive constituent sense i at the 
middie of ry sid. We wilt suppose that y does this 
He may then Gnd either () that B appears as a com- 
pletely uniform sease-objec:, of (i) that B appears as 
4 pasitionally con-uniform senseobjec. Each of the 
‘campourst senan ic this may have sensible movement 
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in their elds. And, even # they do not, successive 
‘urs of contemporary A- and Barnsa will have pro- 
_rresively diferent sensible dances in their respective 
common fields is y's visual 

‘Now, im case (0, « and @ will tll y dt, on 
compang notes with each other, they Gnd no difference 
in thevr tnnelational tinarstbei semmtions, which may, 
ofcourse, ia the lating case bots be sen-extent. In 
ate i), and wll ‘Aly that, on comparing. acts, 
they do Gnd a ference in ther analatonal kinetic 
sensations. Tone of thea as na sich sensations the 
‘ther wil have ther, Moreover, each af them will el 
‘y thatthe body of the other appears to imei ax 4 
Xiform sense-abjert. “And 73 body © will appea i 
Bs, though not m a's, semserintory a8 4 non-uniform 
sense-object 

‘Now hese communicated experiences (3) and (3) 
feave no doubt at all thatthe postional unvormity or 
non-unfority of the wease-obye, by which one han 
body appears in the senseshatory ot anether observer, 
depends yoratly on those phywcal processes in the two 
oti ich ie reveiw hr rua mid 
the form af frsaatiete srnastons. Moreover 
Soe cect tat phrase ws toy moore eps 
fon a certain adewagy of quality and quantity nthe (0 
procesoes, whilst posibonal ase-aayermaty mn the seme 
Object depends o@ cerain qualitative and quantiatie 
‘Aferencer enw. the two procnses. Lastly (3) shows 
‘Hat relative motion of the seaseobyects by which two 
human bodies appear in the sease-ustory of a third 
observer depends on a diferewe betwen these two 
rocenses ia the two human Bodice, whilst relative rest 
of two such sense-object depends on an aden of 
character between the tro processes. 

‘We now extend this conchason in the usual way 10 
physical objects which are not connected with minds 
fat ean commusicate with ss, We assume that, in al 
cases, the wsiformity Of a seaseobgect in the sense 
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istry of es obeerver depends upon a certain idestity 
teoreen thar physical proces fo bis own body which 
Appears to him an a series of Kinmsthetic sensations, and 
another physical process of the same general spe, 
‘which happens in the physical object of which this 
oem oense-otyect ia the visual appearance in the 
observer's sense-bistory. And we asrime that, 
‘ase, the posinonal son-uniformicy of x sense-objet in 
the stnaohatory of an Obmerver depends on 
‘tween the physical procs ia his body which appears 
to im asa series of Kinwathetic arneations, and another 
physeal procea ofthe same general type, which happens 
In the physal objec of which tis mos-vaform sense 
object 1 the visual eppeacance in this observer's senae- 
Wnty. 

(Several Jatcrosaracncntong Observer weoshing the 
sams Phystad Obyat.—Ove more very important fact 
Temains ta be descnbed. Suppose that tv obwervery 

dh ave watching w certain physical object O, and 
that a thied obsever yw watching thei bodles, 8 and 
B. lt may happen that O appears sh «3 sense-history 
4 an uniform senseobyect, and that it appears in #4 
sense history a8 a postionally son-unilorm sense-cbject. 
Edis be 90, the observer y wil always sotice hat the 
sense-objects by which A aad B appear in his sense- 

tory are in feladve motion to each other. And, as 
jal under these conditions there will he « difference 
in the (raastational kinserhetic sensations of « acd B. 
If we generalise tha from human bodses to all physi 
‘jects we reach the fllowing conclusion: It is passible 
{or any physical abject to appear ut once a8 a unilorm 
seanc-object in the sense bintry of one oboerver and a8 
‘cocunilore serae-object in that af another observer. 
But, i€ toes 2, it will always fe found that there is 
sume diference terween those pbyical processes iz the 
Dodies of the two oluervecs which appear to them as 
series of thelr kinesthetic sensato=3. 

"This resale, which can actualy be observed, might 
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salsa hnve bees deduced from what ban gone before. If 
the physical object O appears as a resting senac-object 

isual genee-bistory, this implies a certain identity 
of character between the selevant physical processes in 
‘A.and ia , aocording to the argument af the last sub- 
section. If 0 appears as a maviog senseobyect mm fis 
sxnse-history, this imphes a diferene between the 
relevant physical processes in B and in O, on the save 
principles It follows at once that, under these circum 
‘stances, there must be a difference between the relevant 
physical peocesacsin A and in B. And this should appear 
to wand to 8 as & diference betwcen their kinesene 
sensations. That such diflerence is sxteally found 
supports the conclusions of the last sub-setion, wnce 
they ae here used as hyypocbetical premises from which 
1 follows that such a difference eupit to be found. 

In the next chapter I propage to apply the results of 
this one to the notions of seasible and physical Space 
‘Time, and so to ead my treatment of the apatio-tem poral 
aspects of Nature and their sasible und peroeptas! basa, 


‘The following additions) works may be consulted 
‘with advantage : 


G. Srour, Mewwal of Popsoioy, Bk UL Part 12 
‘W Jann, Pracepe of Pye. 

Kasey, Cnt of Pare Hearn (Analy of Prong) 
Scaosavaaven, Wend ar Willen aus, Vol fH tt, 








CHAPTER XII 
‘And ana et and for Gates narona bahath wlcon thacy tht 
‘boc aca you that he for he gee, dum ne wee 
bu bt rbtieor engee iSeact be mnie. Foriarite wi 
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‘oe sceal be ine sedgtns mate and be hm amceltan epoca 
mt be wpreeth and doa thet thet be deth"——Kinc ALIRED, 
‘Poses hs romano of Baths 


Sensible and Physical Space-Time 


‘Wr have at length reached a positon where it beoores 
possible to deal with the concept of physical Space-Time, 
from which, ax we shall see, the concepts of physical 
Space and of physical Time ace abstractions of two 
diferent kinds.» We shall dbus finally work back, from 
‘8 wholly diferent starting-point, to the postion whrel 
‘we reached at the end of Pact I. 

Let first take a backward glance over the country 
that we have crossed, and see bow the universe iboks 
‘rom ur preseat standpowt. We shail dben be able 10 
‘9 what part of our joumey from crude sentation ty the 
fefined concepts of mathemaveal physics remains to 
bbe completed: and, having done 0, we can try to 
complete 

(2) Slateuunt of the Present Pesitox.—The situation, 
30 far as it has now developed, is roughly as foliows + 
There is world of physical obpects, some of which, 
like my own body, are connected with observing minds 
‘Which can communicate with each other. Others, 30 
fas aa we know, are not connected with szinds; but in 
Athair general character they are very zuch like those 

ch are. Correlated with each umes. boriy there is 
4 general sensehisiory, which is split up isto several 
special senae-histoces, Vinal tactual, andhoey, soosabe, 
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and v0 on. We can sense temporal relations betten 
Sensa in our diferent special semse-bisoie, JUS af we 
fan sence temporal relations between diferent sensa in 
‘the same special sense-bistory. But we cannot sense 
‘gutal reations becweer comtemporary senst in oUt 
igerent specal senaehutoren, though we can sense 
‘sch relations betwen contemporary sens of the same 
pocialBisory. These apatll characeritcn are much 
tore marked sm he vingal aemue-binzry than in any of 
the others 

My somatic semae-history contains seman which are 
appearances of interna) sta and procrasen of my own 
tidy. In my other special enachinores are vanou 
senscobjecs, some tniform for a time, others non 
tinform. There ave corelations betwoen certain cnee 
tobyects i my dierent special histones which lad me 
toregard them a8 diferent kinds of appearances of the 
‘ame external phyneal obec. All these remarkt about 
sme and my aense histories appiy equally, mages malondis, 
to ctber observer and tele secsorhitnea a8 I Iearn 
by intercommmuncation. 

Between senaa In the Nstrie of dierent observers 
either spatial nor tempor relations car be sensed by 
cither ofthe observers or by any third observer own 
tw us, But there are correlations between certain sense- 
hjocs of different observers which leads 0 any that 
the sane physical object is appearing tall of them, 
‘When thit ia 20, there o generally & certin cxtaraal 
place which all these sensa may be said to. ""oorspy” 
In some Piccwicien and definable sense, such as optical 
cccupation. Again, there erecxrsin mebods, Gexssed 

abe far chapter but one, Uy which some scnta of 
ferent hisories are grovped together as“ neutaly 
jmunaneous," and odes are grooped. apart 
netraliy nuccessiv.” 

“Then there are che very eaborae correlations between 
the unilormisy or now-wnilormiy of easo-bjecss in 
the visual hictorin of obeecvers, and cerain events 
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fn their somatic bigtocas called ‘“Linesthetic sensa- 
Hons.” We have been studying these in the last 
chapter. We caus to the conclasion that the positional 

ce nomuniformity of the senseobject by 
“which « certain physical object appears to an observer, 
opends upon ceriain physical processes in the external 
object und the observer's body; and that these pro 
eases in oae's own body appear ta oneself as kinsee- 
thetic mengations. A more carefol study of these corre 








lations revealed two further closely connected points. 
‘One is that the positional uniformity of « sense-object 
ependa on an identity of character between these two 





"The other in that ceive cext between cra senne-objects 
Ina seaae-histry depends on » similar kind of identity 
between two such physical processes inthe bodies which 
“appear a3 theae two sense-objects, whilst sela:ive motion 
between twa vease-objects is correlsted with similar 
kinds of difaence between two such peysical processes 
ia the bodies which appear ns theae (ro sease-abjecin 
Sensible motion snd rest are sbuaute, but they seexn to 
Alepeod on ralstons of identity and difference rexpoctively 
fotwenn physical procearce fm the body which appears 
ani the body of the observer to whom it appeacs. 

(8) Statomrnt ofthe Remanang Problen.-—These, then, 
sre some af the facts which Lave 40 far been ticted, 
And some ofthe highly probable infereaces whieh bare 
bees mate from them. ‘The next thing is to state 
clearly the probless which sell remaica.. Tue reat of 
he problem is to make, if possible, « further syatheals 
by analogy with what we sleeady Know. Can we teat 
the world of physical objects and events as forming = 
Whole which is analogous t0 x single sense-histry ? 
‘That is: Can we regard aciantifc objects as analogous 
to senseobjects; ean we suppone that they bave spatial 
relations to carh ther, nach a we oan senor only between 
senoa in a single omoe-Geld and cen we suppose that 
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they endure, and have temporal relations ta nach other, 
such a5 we cam sear only beeween sense within a single 
feneral sencccistory? Lary, com we auppone that 
Dhystcal objects rest and szove in thin spatiotemporal 
Physical whole, as seman do tx their Selds, and an sense- 
‘objects doin our xeaumitacies? Thi I thiok, tthe 
‘eal problem about phywcal Space, Time, and Motion. 
It is the problem of covstrmcting « single, axcutral, 
public Space-Time af physical objects and events, Om 
{he analogy of the many personal private spuon lanes 
ofthe varous observers snse-histores. 

Now ft ia not of course, a question of just making 
such suppositions in the abstract. Our only possible 
Justication for supposing anything of the kind ia that 
4k provide a scheme which summaries all the known 
correlations between seaaa, and is, at the same tim 
familiar to un because ofits acalogy to our own senso. 
Iistones with which we are directly acquainied. It te 
‘theoretically posible that 20 such mapposition would do 
justioe t9 the actual corrlanons among sense. It it 
sill more Waely that 20 svppotition which made the 
structure of physical Space-Time ema acalogous to 
that of ax individual sense-hisory wou'd account for 
the kvowa facts. Aguin, ifthe physical world can be 
‘ontintently regarded asa spatiosemporal whole with 
ontiderable, though not complete, analogy of strucaure 
to an individual seaseshiory, iti probable that this 
an de done in a somber of altrnasive ways, all of 
‘which, will synthesiae the known facts equally well. 
Even if up Ga cxrain date humus beings had only 
happened t think of ane view of the arsctare of physleal 
Space-Time there w no ronson to doubt that, if they 
thought more carwully and pei Sez atteaton to certain 
traditional points of view, they would be able to devise 
flosens of skocaative sructures for physical Space-Time 
squaly capable of doing juice t all the known core 
lations among seasa. No doubt the physica! wartd hax 
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cexhibie itself, ia part atleast, in the correlations between 
sensa of the same and of different observers. But we 
hhaee ta teat this structure piecemeal in the sciences 
fof geometry, chronometry, Kinematics, dynamics, and 
lectro-magnetics, and by making suitably correlated 
‘modifications is the axioms of these various partial 
sciences we can express the same absolute structure in 
innumerable diferent and equally satisictory ways. It 
40 fac, very few alternative schemes have bees proposed, 
this Is due to nothing more recondite than lack of 
seclentic imagination and the imperfection of our teehoi- 
cal mathematical asd logical apparatus. 

Ieisneverthelersan interesting and iexsportast inquiry 
to see how far we can do justice to the known facts by 
supposing that the structure of the physical world in 
analogous to that of our sense-hisories, and to see what 
4s the sainionum difference of strocture between the two 
‘which we must postulate. For, after all, our physical 
concepts have their roots in our sense-hisories. 

Teds evident chat it right be possible 1 regard the 
Phyaral world ax formisg x spatio-temporal whole 
‘analogous in general outline to a single sease-history, 
‘and yet that we right bave to postulate differences of 
exal, { do at mean by this simply that the condos 
‘of the two might be different. It ia perfectly ceramn 
that they will be. The ukimate contents of a sense- 
history ave the sens of the observer whose sense-history 
it is, ‘The ulusuate contents of physica! Space-Time 
are scieatife events. Even if xt should be possible to 
regard scientific events a3 composed of sensn (which is 
Gar (rom certain}, each acientic event will be composed 
‘of sensa from the hiscorics of many diGerent observers, 
and uso presumably of many more sensa which do not 
Delong ta the history of any observer. Ths 
this hypothesis, the ultimase contents of physical Space- 
‘Time will be grout of erriatad sense. Bt, beside this 
difference which there cerainly must be between physical 
‘Space-Time and any sease-tistory, there may well be 




















Of difcrence which there tz beoween x Eutliezn and 
4 hyperbolic spare. A sense-history and the physical 
‘world are both four-dimensional apasotemporal whole, 
And we mas therefore talk of thee goechvonomaty rabher 
(han Dheir geometry. What T am saying then that, 
though a sentehisiory and the physical world may be 
{far analogous ia structure that we can say that both 
fhave a geochronometcy of some kind, yet the geo 
chrozometties of the ewo say difle in detail. 
"The reader must beware of supposing ‘hi 

Time s an entity wioch exes in its Own 7 
sade with us contents. Te is afen convemeat wo tale a8 
Mf this were 90, and w does mo atm, prov 
recognise that i¢ w always an abbreviated expression, 
tnd Understand clearly what it ss an abbreviation for. 
Having got rid of the alnolate theores of Space and of 
‘Time, we most not introduce them again for Spacer 
Tune. “Many really ecient writers on the Theory 
of Relativity ave’ expressed themaclves in & most 
unfortunate way, which suggests 10 innocent readers 
that they think of Space-Trave as a parteular exiuent 
vith properties of ats own, wach acts on matter 
ove ace on» brlladball. When we tai of the 
ropestien of physcal Space-Time we are simply 
Enumerating certain very general structural charac 
Jatics ofthat spaio-temparal whele which is the physieal 

















‘An analogy will perhaps make this clearer than 
much discussion will do. The French and British 
armies are two elaborately organised bierarchies. Theic 
‘contents are diferent; since che farmer is composed of 
Freschaven, and the fazer of Englishmen and Scatemen 
and a few items from the Celtic Fringe There jn a 
great analogy between the organisations of the two, 
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which renders it reasonable to call them both armies. 
But there are also considerable differences in deta, 
16 a militry writer set out to deseibe in general teres 
the structure of the French army and that of the Briush 
army, he would be studying something akin tm twa 
systems of geochronometry. He could do this without 
referring to particular French and English soldiers, 
such aa |acques Bonhomme and Tommy Atkins. He 
‘could even tal intligibiy of the eects” which these 
two t9pe0 of organisation “produce” on French and 
English soldiers of various temperaments, But, if thus 
Jed’ him to suppose chat che organisations “whose 
structure he is describing were substances that existed 
sade by side with the soldiers, be would be tllong 
nonsense; and it would be the same kind of nonsense 
1 1s talked by people who isagine Space-Time to be 
aan existent substance which pushes and pulls bits of 
matter about. It cust, therefore, be clearly understood 
that, when we tlk of the geo-chronometry of Space: 
Time, we are simply describing certain very generat 
batract structural features of that whole which is 
physical world. 
Sunee che geo-<chrosometry which is to be ascribed. 
ta pliysical Space-Time depends entiely on the oor- 
‘between Our senssy we must not be surprised 
wb about it alter with the growth of scientific 
knowledge. Foc one view might ft all the facts that 
‘were known up to a.certain dite, and a different view 
aight be needed to St both them and certain new facts 
‘which were discovered later. This is exactly what has 
happened in the change from Newconuan 10 Relativistic 
dynamics and kinematics. 

(6. The Comarpe of a Fdeshscd Seuechertory.—IC we 
‘want to 200 how closely the geo-chronometry of the 
physical warld can be approximated to that of a single 
siense-history, we rust begin By considering what is 
the geochronometry of . But, before 
ing this, it will be well to remove in thought eerie 
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ficitations, which are, infact, present in all our sease- 
Aintries, But which stem rather to depend on de fio 
limimtions of out powers of sensing and rememberiog 
thes ov anyching charac of rar wt 
hintocies 93 such. («) We ean think of sense 

ts nveiebng back Indeficaly snto the jut lough 
in taet we ean only remember « certaia ditaace back, 
and although presumably the hustory docs mot extend 
tackwards beyoed our bith. (2) We can remove in 
shonght the limitation oft Snite Spacious Present. We 
fan regard the fact that ony a very thin lab oan ever 











we can regard 
the whole history a8 2 continuous four-dimensional 
stand, (3) We can remove im thought those limita 
dons which our finite powers of seeing, hearing, etc, 

pose on the extension of each of our actual sense- 
Belda. We can, ee. mmagine the spatsl Tims of our 
vwsval Gelds indefinitely extended; 28 they would be 
{we could see everything, however distant from our 
‘bodies. (4) We can also remove the limitation which 
{a imposed by the fact that we cannot see all round ws at 
‘once. (5) So far we have been conceptually emending 
‘our sexse-histories by recovieg certain limits imposed 
bby sensation and memory. It now reaains wo proceed 
im the opposite direction. We cannot sense fields of 
no duration. But we cas sense events of stoner and 
shorter duration. We can thus conceive any slab of 
‘8 sease-bistory ay cut into thinner and thinner slabs, 
Is the end we can conceive of slabs of as duration, 
and can imagine the whote sense-history analysed snt0 
fan inGrnite scries af such instantaneous slices, just as 
‘we can conceive a eplinder as analysed into an ine 
finite series of patallel plane ciccular sections. Such 
morentary slices art aot of course exivents, and they 
are not literally parts of the sense-history ; but they can 
‘be defined by Extensive Abstraction, and a Pickwickian 
mann can be given to the statement that the senge- 
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history ts composed of them. These mamentacy alicat 
‘wil be purely spatial, whereas the sense-history mn a 
‘wbole a3d any ficie teal par of ic are spatiotemporal 
‘We may call each of these momemary acchons w 
seomenaary srasrspacs iz the given sense-history. By 
farther applications of Exicnalve Abstraction within 
& single momeotary sense-space, we could evidently 
Aefine womexdary seaseplencs, momeniary seateias, andl 
momentary arace pints. 

Tt is preay evident that, xf the physical world be 
snalogous to a sense-history at all, it will be analogoun 
{to an idealised visual sense-history, extended concep: 
‘ually in the ways described. And 1 think there ia very 
‘Wee doubt that this s the origizal ofthe conoepe af the 
physical world as a whole in Space acd Time. We 
must now consider more is detail the geo-ch 
cof an Idealzed visual bistory. In the section dat 
fallows I am more than saally indebted to Whitehead, 
and I shall be contented if T provide the reader with 
‘Wfiret ald” to the study of Whitehead's rwo great works 
‘nthe philosophy of Nature. 

(6) ThaGeo-chronomery of oI deaiind Yasue History = 
“The Wealied visual bretory isa urdimensional spaion 
temporal whole, formed by the coatimual addition of 
successive slices, which are idealised fielda Each of 
these alices has duration, and the duration ofthe whote 
imory ia the sum of the durations of the succeasve 
slices up to and including the last that bas become, 
[Now we can regard all these successive felis ax normal 
‘0. certain straight line in the history, jast ms suszeasive 
circular slabs of a cylinder ace all normal to 1s axis, 
‘This common normal to all the fields may be taken an 
the timratis of the history. By Extensive Abstraction 
‘we then reduce the teraporai thickness of the successive 
slabs 10 zero, acd we thus get a series of momentary 
(hree-dimensional spaces, af normal to the dime-axis of 
the biscory. 

Now the geochmcametty of the bistory might, 
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‘apart from all wilder alternatives, be either Euclidean 
fr alliptic or hyperbolic. According to which of these 
alternatives is realised, the geometry of Its momentary 
spaces will be Buctidean or elliptic or hyperbolic. On 
euher of the two latier alternatives the succasive 
momentary spaces wil not be garallel 10 each other. 
In elliptic geometry (which 1s analogous to the geometry 
of the surface of a sphere) there are mo parallels, for all 
corplanae straight limes intersect each other twice. In 
hyperbolic geometry there are parallels and there are 
non-inversecting co-planar straight limes which are not 
parallel. And the common normals to « gives straight 
fine ae not parallel to each other, though they do not 
intersect each other. Te is only on the uclidean alterna 
live that the momentary spaces will be parallel, The 
three alternatives may Be very roughly ilustrated io two 
dimensions aad on a Eucliéean plane by the three 
diagrams below. 








(He must, of course, be remembered that what appears 2 
these diagrams as dimes normal to the timeaxis represent 
threedrmensional spect in the four-dimensional sense- 
hhistry. Also that the axrver in diageams (li) and (i) 
ae attempts at representing non-Euclidean strat fines 
on a Euclidean plane.) 

‘Wa may perhaps dismiss the elliptic alternative at 
once. [fhe geo-chronometry of a sense-history were of 
this type, ies time-axis, Uke all other straight lines i this 
geomeny, would be + closed curve, like a great ci 
tm a sphere. Whilst I sae na theoretical imponsibility 
in the time of Nature being of chis kind, J think that 
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(here is n0 evidence to support the suggestion. If it 
‘were $0, the course of Nature would conticually repeat 
ifn cycles. These might, of course, be of enormous 
oration, and s0 the fact chat we have no expirical 
ace for this alternative cannot be counted as 
idence against it we may mate 4 present of the 
suggestion to the Dean of St Paul's and the Neo 
platonists. 

"We mil therefore confine ourselves to the Euclidean 
and the hyperbolic alternatives. On the Euclidean 
‘iterative there would be an infiane number of equally 
permissible time-axes for the sense-istory, and th 
‘Would all be parallel to each other. The line ¢ in () 
wan example Oc the hyperbolic alternative, so far 
faa my very limued knowledge of four-dimentional 
hhypertotic geometry may be trusted, 1 sbould say that 
{here could only be one time-axss for the sense-bistory. 
Jt is ue that there aze plemty of straight lines in the 
Dastury, parle to The line 9p" in (i) isan exarsple, 
But none of them will be normal to the momentary 
‘paces which ace normal to 4 and therefore none of 
them could be taken as tiseaxcs Again, there are 
pleaty of Vines beside ¢ which are normal to all the 
momentary spaces. The lige sy’ (ii) isan example. 
Bat none of them ace siaipl lines, and therefore none 
cof them can be taken as tlme-axes. They are, in fact, 
‘curves called dereeycs, and Borocyeles are to hyperbolic 
straight lines much aS scull circes are to great circles 
fon the surface of a sphere. 1 do not think that the 
uniqueness of the Umexis sufSces to show that the 
geo-thronametry of an idealised senseshistory could wet 
be hyperbolic; but we shal! see iater that the Space- 

















‘Time of Natore could bardly be sepposed to have one 





geochronometcy of the idealined 
Euclkiean hypothesis, ince we want it only as « basis 
Jar the goo-chrosometry of physical Space-Tisse. 
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There is a more positive reasoa for rejecting the 
Inyperbotic altemative for the idealised. sense-history. 
Jn the Euclidean case, since the normals to the time- 
{8s are parallel to cach other, and since Euclidean 
parallels ace everywhere equidistant from cach other, 
Any slab of the sensesimoey, bounded by two such 
mormals, has the same thickness throughout (te Fi 
above) In the hyperbole case the normals diverge 
{om eoch other on boeh sides of the common time azt. 
‘The renule is, tha iin onfy on the Eeclidean alternative 
that Specious Present would have one definite limited 
duration, On the hyperbolic alermative wenaa, far from 
the centres of a Feld, could last for enormous stretches 
of time, remaining ww a single Specious Present. This 
seems to be contrary to fact So, on every ground, 
st geems reasonable to take the geo-chronometry of the 
Idealized sensefeld a9 of the EaciMlean type. 

‘We can nom advance to the very impocant con: 
ception which Whitehead woutd call the fumeles spuct 
of the idealised sense-bisory. When we talk of obyects 
reming of moving in x space, we clearly cannot be 
thinking of a momentary space. For both rest and 
mouon mivolve lapse of time. We must, in fact, be 
thinking of vome land of space which jst for the 
‘whole time under consideration, and daes not change 
fs due time Sows on. ‘This is what Whitehead means 
‘oy = tomelear space, We have now to define such a space 
forthe idealsed sense-history 

Let us umagine & completely uniform sense-obyect 
hich lasts dhroughoot the whole of the sease-history, 
‘As we slice the history up into thinser and chioer 
sections we sball, se fast, be slicing this sense-cbject 
ima thinoer ané thinner sections, all exactly abike and 
all sccupying precisely sielar pestions in these fields. 
Finally, by Extensive Abstraction, we shall reach & 
series of syocemive mogsentary spaces, each costaining 
3 momentary scctia of the uniform sense-object. All 
these momentary sections will be exactly alike, and 
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exactly sistlay sated in thei respective momentnry 
Spaces _If, now, we inugize the spatial dimensions of 
the uniform sensr-obyect reduced more und more, £0 
that, finally, i isthe history of a mere point, fc clear 
that the object reduces w 3 lise perailel to the time- 
sis of the sense-istory. Bach point m this straight 
line isi one of the momentacy spaces of the bisory, 
sand each of the maowentary zpaces contains one of the 
Boicta. And these points are fn corresponding places in 
their respective momentary spaces Thus any ataight 
‘the sense hintory which is parallel to the nme- 
aia a the bintory of « venae-abject of punctual spatial 
dimensions, which reas im » single **placo” through- 
‘ut the duration of the history 
‘We may therefore sy that every sraigh ane, parale 
ta the time-axis of x ease history, & 4 post ofthe dime: 
Jess space of the histary. ‘The timelew space of the 
binary thus consists af the whole bundle of aight 
lines inthe bigtory which are paca 1o its time-axis. 
"We have naw to define toe rng ver af tet 
space | To do thi, let ut imagine & sense object 
{i positionally non-uniform and of punctual spaual 
dimensions. tis wrident that it will contest of verios 
‘of points, One 1s each ofthe Suooenire momentary spaces 
But these poins will not oceupy corresponding potitions 
in thesr respective momentary apacea since the abet is 
positionlly nen-usifora. Thus the whole assemblage 
of then: will be acurve of some kind i the sense-history 
Teil ia general, be a tortwous curves and at wil, of 
course, ater be 8 straight Fine parallel wo the time-axis, 
for that would be the history of « posiionally wmform 
Punctan! abject. Again, i wil, of course, never be & 
Tine in any one momentary spac, for it would then not 
be the hitery of any enduring objec whatever. Now, 
through nach of the points of this carve, there got one 
and only one atraght line paralel © the time-axis of 
the istory- And each of these lines, 2s we have seen, 
fs one point is the tieeless space of the history. It 
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follows that the assemblage of aft these lines is the 
‘course traced by the moving object in the timeless space. 
Such an amemblage of parallel straight lines will for 
«2 rurface io the sense-history, which will not in general 
‘bc flat. But, if the moving object happens to desenbe 
‘4 staught line in the timeless space of the history, this 
‘norface will fatten out into a plane parallel (o the time- 
axis. The easiest way to see thie is the followin 
1 admitted that the foots of the timeless space of a 
aense-history are sirayyht mer in the history, parallel to 
‘tstimeaxcs Now a straight line 1s uniquely determined 
bby two of ts points Now the only fgure in the 
history, which 13 uniquely determined by two straight 
{ines parallel to the ume-axis, 1s the plane which contains 
them both, and 1, of course, wseif parallel to this axis, 
Iris thus evident that a straight fe 1 the timeless space 
of a senserhistory is a plane in the yense-history, parallel 
10 it come-axia. 

ec remains to define the planes of a timeless space. 
‘A plane in the timeless space will be a figure uniquely 
ddotermined by a straight Tine in that space, and & pont 
‘which is in the space but aot on thestraightlice Now, 
‘we have already seen that a straight ne 1 the timel 
space 1s plane ia the history, parallel to ty tomes 
and that a point ia the timeless space is a straight line 
in the parallel to its timeaxs. The fact that 
the point is outside the lise in the timeless space 
Identical with the face that the corresponding line It 
outside the corresponding plane in the sense-history. 
Itfollows at once that a glee in the timeless space of a 





























‘aus, aod 1 straight line, also parallel to the axis hut 
nat contained in thes plane. This isan unlimited region, 





‘manifold to a plane in an ordinary chrec-dimensional 
space. 
‘We beve thus defined the points, stright lines and 
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planes of the simelcas space af a given idealized senae- 
INstory in term of certain special types of gure in the 
lamer, ‘These éefsitons aze wholly due to Whitehead, 
Te will be noticed (1) thatthe Umeles point is something 
mare complex than the momestary poi since consists 
of a mbole senes of the latter: (2) some straight lines ia 
the sense history are also momentary straight fines 
fone of the momentary spaces; but 20 straight line 
the himary ia alsa a straight Tine ia the Giclee space. 
‘Ac best can only bem goon im the Tater; (3) a imeless 
stnight ine isa se of strug Tinea in the sensechistory, 
of a certain kind. Once the timeless concepts have been 
defined, the geometry ofthe timeless space can be worked 
fat.” It wil be of the same character a3 the geometry 
ofthe momentary spaces of the hisury For there isa 
‘one-to-one correspondence (dhough never an identity) 
between the timeless ports, straight fines and planen, 
4 deficed above, and the momentary pointe, straght 
Hines and planes of any one ofthe momentary space 

"Ast visual gense-istory ww «four-dimensional 
whole, its not possitie completly to illustrate lt this 
fn paper. But we can help the roaler to understand 
the fourdimensional case by imagining & sense-history 
which has caly thice dizensioon, two spatial and one 
temporal. The momentary spaces will then be planes 
1 right angles to the paper, and we can ilusteate the 
Celations between sente-bitory, momentary spaces, and 
time apace inthe drawing given below. 





























Jo this picture S, und S, are two momentary sections 
of soch a sensohisiory. ‘The dotted ine fy, is the 
straight line tn the seaseshisiory which represents the 
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imory of a point-object, moving along a.certain teaight 
ine in the timeless space of the history with a orrtain 
uniform velocity. The Srst mamentary section of this 
object is tha momentary paint 9, in the momestary space 
S,. The last section of it x6 the momentary point gy 
in the momentary space S, Intermediate sections af 
momentary points in muermediave momentary spaces, 
The dashed line Af, is the point P in the timeless 
space ofthe sense-huxory. The dashed line 4's the 
int te Sele pace of the har. would 
fepresented the history of the punctual sense- 
bevel propre ot yes cree phen 
Q would have represented the history of this object if 
the latter bad always been in the position which it 
Bally vecupies. The plane Agefity Which 1s deter 
mined by the two straight tices P and Q, 16 the timeless 
straight Tine in the umeless space of the history which 
the moving punctual atyect traverses. It is uniquely 
correlated with the momentary straight lines fg, in Sy 
and gy in Sy, huch might be called the * jnstantane- 
‘ous directions of motion af the maving object at the two 
moments 1, and 4” These are of course simular, in 
the prevent case, since the object is moving all tbe Kime 
in one direction is the timeless space. 
‘Theangle between the docted lise ig, 0d the dashed 
ine fap, depends on the velocity of the moving point- 
‘objectin the timeless space, The histaries of ail moving. 
points which craverse this particular line in the timeless 
Space will be straight Times in the plase 4.9.4, y but tel 
Airections ia this plane will depend oa the velocity with 
Which the object traverses the line. If the velocity be 
nonuniform, they will, of course, ne longer be straight 
ines ; but they will still be plane curves in this plane. 
Naturally we cancot illustcate timeless flamer in our 
lagram ; for we can ocly get them in connexion with 
four-dimensional sease-bistory, whose momentary 
sections are not planes, as in the diagram, bat three 
imensional spaces. Alss, there mre mo suementery 
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planes in our diagram, except the timeless spaces 
themselves. 
Phpscal Wore ines and their Mntnal Redatrons.— 
that such as idealised seasechisiory as we 
heave just been describing woukd be a kind of wort,” 
with & time, = timeless space, and objects which move 
‘f cest fa the attr asthe former flaws on. The question 
[ow far can the world of physical obyects und 
ceveats be regarded as forming 2 spatio-temporal whole, 
analogous in character to an idealised senee-history? If 
Meanalogy be complete, the physical world will have one 
Lime-direcow {though many parailel mares} and one 
timeless Space, which will be of the Euclidean (ype. 
An this Space all physical objec will vent or m0¥e a8 
{he ont physical Fim flows ao. 

‘We must be prepared to recognise at ovot that is 
bby no means obvious that any such View ofthe structure 
‘of the physical world will ft the knowa facts, Afterall, 
hy should the physioal events and objects which are 
connected with a umber of bferm? sense-hisories 
form a spatio-temporal whois which is exactly analogous 
jn mrvcture to a angle senteistory? veo af there 
should be a ceria analogy. we bave not the slightest 
right to expect it to extend t0 every detail; 1.1, we have 
no nght 10 be surprised if the geochronometry of 
physical Space-Time should nat be exactly ike that 
of the idealined venae-history. We shal see in a moment 
dus moot of the apparent paradox of the Theory of 
Relativity ta duct the fact that stdimappoints our simple 
‘inded expectation chat the geo-tronometry of physecal 
Space-Tiave shall be exacly like that of a single ideal- 
fed sense-history. But, oc reflection, we nee that this 
expectation ig absolutely growadiess, 2nd that it would 
De rather a queer exincdeace if the geochronometries 
of two suck diferent wholes wee exact alike 

‘Aer these general preliminaries, let us see how far 
the analogy can be cared. A physical object is a 
succession of scientific events, just a5 a sonse-object is 
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series of auccamsive sense ta x sense-bittory. A 
‘Punctual seane-object, whether positional snlform or 
onuniform, i « ne of some Wind in ita senseistory. 
Ft be positionally waifors, and therefore reats in the 
timeless space of the sense-history itis a straight Rat, 
parallel to the time-axis; If it moves it x» a curve of 
tome kind 00 « surace ‘by Wes parallel tthe 
time-axis, and 90 on. If then a punctual physical object 
an be regarded a2 analogous to a senseobject, we 
‘ust suppose that it (or its history, it you prefer it) is a 
‘curve of some sort physical Space-Time. "We will call 
such a curve a * worid-ine,” following Minkowski. All 
‘other material panicles must equally be regarded a 
curves in physical Space-Time. We most nextconslder 
the latcnaic characters and mstual relations of wotid- 
lines, for the whole question of whether itis worth while 
‘0 taik of a physical Space Tie at all depeads on the 
ature of these. 

‘Suppose that By the body of observer P, appears 23 
a resung senseobject in the vinal seaschiswory of 
another brerver ©. We know that A, the body of a, 

i appear as a esting sense object in the visual senso 
Distory of, provided that «'s acd fs Kinatathetic 
sensations are alike. The complete symmetry betwmeea 
s experiences In connexioa with B, and fs experiences 
fn connexion with A, saggests that there is some great 
similarity in the worid-ines of A and B. (Or rather i 
the worldsines which would sepresent their bistories if 
they were coduced to punctual spatial dimensions.) It 
recs reasonable to suppote that, in much cases, we are 
flealing with pairs of icrinsicaly slnilac and siatlarly 
situaced workd-ines in physical Space-Time. We can 
‘conceive of groups of observers whoge bodies form sets of 
timilne and sezilartygitsated woekd-tines. We wll call 
thene sets of relaaely rating physical sbpcte. We know 
iat, if cerain body appears as a seaseobjoct which 
tuoves in the Smeless spare of azy oar wember of the 
fet, Ie will appear an a sease-abject which moves in the 
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timeless space of sack member of the set. If t happens 
10 be the body of an observer, we know further that hix 
sanslatory kinavihetic senaations will die from those of 
all members of the st. Moreover, all the bodice ofthe 
fet wil app to this observer as semsoobjects which 
more absolutely, but reat selatively to exch other, in 
‘ho timeless space of his sease-bistory. Tt seems reason~ 
able to suppove that the wadd-hoe of this observer's 
fod is in some way diferent from thase of the xt in 
‘quenion. There might be an 1atrinaic difference in the 
ature of the curve, or some kind of difterence in itn 
situation or direction in physical Space-Time. A geo- 
metrical ifutrasion ofthe frst kld of difference would 
be given by a straight line and a Byperbola; an 
lustration of the second kind of difference would be 
given by two onooplanar straight liges, or by two 
‘coplanar straight lines at aa angle bo each other. 

‘Weccan now extend these suggestions in the usual 
‘wey from the bodies of obtorrert 10 physical objects 
fn guneral. We can suppose that a met of relatively 
ranting particles ja eset of sisilar and similarly situated 

‘and that any partie which maves relatively 
8 world-liae which diflecs, either intinaic- 
‘ts situation In physkal Space-Time, fom 
the members ofthis set, 

QO Strmpht and Tertwons World-tiner.—World-lines 
might be curves of many dierent iéndsi some might 
be Intsiasically very complex (ike highly tortuous 
‘curves in ordinary apace); othees might be intrinsically 
very simple {like ordinary straight lines). it will be 
remembered that a punctual senseobject, which rests 
la the timeless space of its sense-history, is a straight 
Tine parallel to the timers of the history. Pusctual 
sense-objects, which move in the timeless space of the 
senge-history, may be straight Lines (though they need 
not be); but dhey are cever parallel @ che time-axia, 
‘Wo mast sre haw far thore is analogy t this in physical 
Space-Time. 
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any analogy a ail cas be drawn Derwoen a sense. 
history and the physica! word, we must esoume (2) Cat 
at leadt some particles ace sirmpht workdlines; (2) that 
4 least tome of these staight worlddines are per- 
Imussible dicections for Smeaxes for physical Space: 
“Time; and (3) vat, by taking certain particles a having 
the characteristics (1) and (2}, and by using sulle 
criteria of simultanety, we can account forall the known 
fenerat rules of spatiotemporal care 

Physical events. We wil aow ace how far the 
{a0 be carried on this soumption 

















‘axis for physical Space-Time will be analogous to che 
time-tirection of « sense history. Ifthe whole physical 

rd 1s to be analogous 10a single sense-history, every 
_momentary phytical event must have one aad only one 
sernight worldtine passing through it, paralle| to the 
given timedicection. The whole of such a bundle of 
arate woeld-lines may be called a physical reference 
frame, From what has been ssid in the last section it 
{is cnar that every fine of such a bundle isa pola in the 
‘Umelesa space of the frame, and conversely. Each line 
of the bundle is, in fact, the history of x iypothetical 
patcle, which reser xt x certain place in the timeless 
‘pucn of the frame 43 the time of the frame flows 08. 
‘The place of any momentary point-event in the timeless 
sptce of the fame will be the particular Une of the 
‘Duadle which passes through this pountevent. The 
daw of thin event im the frame will be its pastclar 
‘arition om this Tee. 

Particles which move uniformly in stright Hines 
the tiaeless space of thes frame will be worid-fioes 
which (I) are straight, and {a} aro contained fa a cerain 
‘lane parallel tothe Simeazis, but (3) are not themeclren 
Parallel to it. Particles which move non-aniorzaly bot 
‘ecilieary in the timeless space of the frame will be 
‘world-tines which (1) are cot stright, but (3) are 
contained in some plane parsilel tothe timmazis, This 
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plane in Space-Time is, of course, she straight fine in the 
mele space of the frame alocg which the particle 
moves. Particles which move nos-sniformiy and non 
recflineasly in the timeless space of the frame will be 
102 which (1) are not auighs, (2) are not plane, but 
(hare confined tom surface generated by strsight lines 
paraliel to the nmeans of the fame. Finally, the 
momentary spaces of the gives frame will be sections 
‘of physical Space-Time, normal to the time-axis of the 
frame, Momentary events m the same momestary space 
‘will be contemporary with respect tothe frame. 
le) The Povat of Separation beter the Traditonal 
Vie and the Spenal Theory of Relativity. —There is thus 
a complete azalogy between a physical reference frame 
‘and an idealised sense-history, on the assumptions 
which we are at present making. On these assumptions 
‘every event ia. Nature bas its place and date in such % 
frame. But now there arises 2 question wo which there 
Is sotbing analogous in & sense-history. ‘Tae question 
a this: Ave all straight world-tises pecmisarble ume- 
‘anes for physical Space-Time, or are nome of them 
permissible and others not? And, f the latter be true, 
‘what distinguishes thove which ace, from thowe which 
sire not permissible? 
In a gives sense-history there is one and only one 














ucceativeness of sansa in the same secscistory is 
cualy sewed, and we have therefore no choico as @ 
‘which we shall group together as simultaneous, and 
hich we shal! group apart as sucmesiee. The sucess. 
sve slabs of the sease-histry are grcx to usin the form 
of senzefelds, and the only powsibl toedirection 
that of their corsmon normal. The only choice allowed 
to us is chat we could take any straight fine in the senge- 
Dinory, parallel tthe tine-diretion, an a permissible 
time-anis, asruming thar the geo-chronometry of the 
senaehinory 13 Buclidean. 

Tf there were an exact analogy between. physical 
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‘Space-Time and en idealised scnse-history, there wauld 
be one and only ane direction in physical Space-Time 
‘which could be taken a8 the time direction. If hie were 
30, thete would be one and only one frame of reference 
in whlch all the events of Nature could be consinently 
placed aad dated. The only initude allowed us wocld 
bo that any frame which rested in the timeless apace of 
the firs would itelf be + permissible frame. For 
would merly amount to taking another world line, 
paratle tothe original one, as our new time-axis. 

Now this wm exactly the assumption which the 
lamical mathematical physics did make, It assumed 
that there was one and ocly one fundamental fame of 
reference co which all the events of Natore could be 
consittently placed and dated. The timeless space of 
this i# the “stagnant ether,” and the one permissible 
time-diection ia the history of aay particle ofthe ether 
‘orof any particle that rests inst No straight ine which 
makes an aagle with the one outstanding Gicre-direction 

ill be a possible timewaxins the sections of physical 
‘Space-Time normal to such a lise will not be momentary 
‘spaces, and the whole bundle of Tines paraliel to such 
a Line wil not form the points ofa timeless space. 

Now there is nocbiog antecedent}y absurd 1m such 
view, Temporal and spatial characteristics eve 
diffrent, for all obsereers and therefore 1 aight well 
be that there is one acd only one outstanding direction 
{in Space-Time which can be taken a3 x time<tirection. 
Moreover, itis certain thar tbe assumption is not far 
‘wrong; since it ia the assumption of the tradional 
physics, and this has praved capable of dealing with 
all the’ more obvious ‘spatiotemporal correlations of 
physical events in a single spatiotemporal scheme. 
We can, in fact, at once eqjct the opposite extreme 
wiew, vis, that aif stzaight world-Enes are equally per- 
mmissible as time-axes, For this would be inconsistent 
the aiimiued difference teowees spatial sod tem- 
poral characteristics for all observers, and with the 
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very great measure of success which has attended the 
diametrically opposite aseumpsicn, that there is only 
‘one direction in Space-Time which can be taken as a 
time-axis. 

(0) The tlypotheas of limuted Range of Temerdiecions — 
‘The only sleernative worth discussing is dhat all straight 
worid-lines whose diccetions dae sithnn cererin lomits, 
and only these, are peraissible timedirections. The 
traditional physica maker physical Space-Time sxacty 
analogous in structure toa single idealised senve-istory. 
‘Tne present suggestion makes i¢ considerably different 
in principle, though ot necessarily very different 
prucuce. Nothing but the observable correlation 
between physical events, as betrayed by correlations 
between sensible events im various sense-bistories, can 
decide between these alvernatives. 

‘A Astle reflection shows that there is a certain 
{incoberence inthe cradivonal view, as regards mechanical 

jonamena. 1c ig adrmiteed thet axes which move uni= 
Sormly in straight Hines 1s the dmeleas space of the 
smpposed fundamental feame wilt do equally well for 
lacing events for mechanical purposes. And such 
‘exta will bo represented by straight world-Wnes which 
make an angle with those which represent the fands- 
mental frame. Mf there were only mechacical phenomena 
to be coosidered, it would be natural 10 suppose that 
all such world-lines would do equally well as tmeaxes, 
‘and that all the corresponding frames would do equally 
‘well for placing and dating physical events. The only 
reason for thinking that there must be ont fundamental 
feame connected with © certain uniqce dicection in 
‘Space-Time, was the notion that auy pair of events must 
Ibe either simultaneous or successive, and that they could 
ects be both, It was thought ther the phenomena of 
light, electricity and magneuem, woold show us the 
one fundamental frame, which was merely concealed in 
‘mechanical phenomena by the perticular form sehich the 
laws ofmotion happes tohave. Thas the traditional view 
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holds that there is only one permissible time-direction, 
which ean and must be used for dating aif physical 
Phenomena. Bat it allows you to flew mechanical 
phenomena by reference to any axes which move 





‘Now the experiments ox which the Special Theory 
of Relativity is based, show that this supposed diBerence 
between mechanical and elecico-sagnetic pheaoment 
isa pure myth. Electromagnetic phenomena fail 19 
reveal any unique fundamental frame. Their la 
remain of exactly the sazie form if you refer the events 
to axes which move usiformly and rectiinearly in the 
pace of one fundamental frame, provided that you tae 
the strighl world-line which represents dese moving 
axes a9 4 perminsible time direction, and use it for dating 
‘your electro-magnetic events, 

‘The Special Theory of Relativity may, in fact, 
‘be summed up in the folowing statement : There is 2 
‘hole set of diferent directions in Space-Time, equally 
permissible as time-directons for dating physica events, 
Bur ail the permissible tme-directions are confined 
‘wuhin certain linwts. Corresponding to any one of 
these wil be x timeless space, whose points are the 
worldstines parallel to it. Every physical event has 
fs umgue place and date in any une such frame. Tis 
place fm the timeleas space of aay frame in determined 
by the fine, paral to the time<irection of the frame, 
‘which passes througts it. Its date in the frame is deter: 
mined ‘by ita pasion on this Tine. The laws of all 
ayskal phenomena have precisely the same fora, 10 
matter which of these frames is used for placing and 
dating thea. 

All the characteristic features of the Special Theory 
of Relativity fallow at once from this supposition a5 10 
the geochconometry of physica) Space-Time, as T will 
now show in brief ostine. 

(@) There is nothing that can be called she timeless 
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Space of Nature. There will be as may diffecent 
Hmelesa spaces as there are daflecent permissible time 
lrections. 

(3} Two exents which are contemporary in one frame 
will not be contemporary in another, unless they happen, 
ta occupy the same place ia the timeless space ofthe Rest 
frame, The figure below will make tus cext. 


hye 





Call the two fumes F, and F, Since they ditt, they 
‘will consist of two bundles” of parallel worldtines, 
Inclined to ench other. Since the two evaats are nat 19 
be the same place in the timeless space of F they 

I'he on two dierest world-lizes of the bundle, aay 
4 and my. Sitce they are to be contemporary in Fy, 
they must bots be {a some one momentary space of Fy. 
‘This wll be action of Space-Time, sormal tothe time 
direction of Fy Call this momentary space Sin Teen 











the poiats A and py fe whlch the tines 4, and am; cut Sivy 






the frame F, but spatislly separated 1m ics timeless 
‘mpace. Now let lie on the line 4 of the frame Fy and 
lee n lle on the line m, of the frarae Fy. In this Game, 
instead of being ma single momentary space Sua they 
sure in the two successive momentary apaces S, and Sy 
‘They are therefore successive in F,, though sierultaneous 
in F,, Moreover, their distances apart in the two time- 
leas apaces are aot the same. In the focmer, itis the 
distance berween Zand ae; in the Inver, itis the smaller 
dirance between 4 and =, 

() Conversely, two events which are io the same 
lace in the timeless space of F, will not be ia the same 








place ia the timeless space of ¥, uniess they happen tn 
be also costemporaty in F, The diagram below will 
show this, 





‘The owo events are of & certain Une fy paral 10 fy 
since they are in the same place is the timelean xpace 
Cf Fy. Sinoe they are not to be contemporary in Fy they 
must be in diffesent momentary spaces Sy and Ss’ of Fy. 
“The two events will be repetsented by the two polatt 
>and X; a wbich the line /, cuts toexe cwo momentary 
‘paces respectively. 1a F, te two events and art 
neceasarily on two diferent tines, /, and (4, parallel 10 
fy the timestirection of Fy They are therelore. at 
diferent places in the timeless space of Fy Moreover, 
‘ais temporn! separation is diferent in the two framea, 
In F, les cepeesented by the line AX, in F, ty the shorter 
line betwees the two dotted normals to fy wich represent 
the momentary spaces of Fy in which the two events are 
respectively situated. 

(a) We have sill to consider same implications of 
the act that noe aif straight worlé-lices are permis 
timne-axsa, but ooly those whose directions He within 
certain Simited range in physical Space-Time. Take 
nny straight world-line #, which is « permissible ime- 
axis, and consider any other non-parallel straight world- 
Jine p. ‘There will be one and only one plane in Space. 
Tiwe which is parallel 10 # and contains 9. Ia this 
plane take a line #, parallel to % Then p and £ will 
euteach otheratan angie. This plaze will bea straight 




















Simeaxia, ‘The line 9 will represent a pacticle moving 
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along this straight Line in the timeless space with a 
uniform velocity, As we saw in the last saction, the 
greater the velocity of this particle the greater will be 
the angle betwoon ¢ and ¢. Now we know that if the 
angle between # and / exened « certain sise, p will not 
ea permissible time-axis. This would imply that there 
Inne frame in whose timeless space the particle, whose 
history fs the line 4, rests. Tis would be covtrary to 
the complete relativity of physical ceat and motion, 
‘There 








a greater angie than this with aay parwlssible time 
direction, it cuonot be the history of an actual particle 
‘oF physical procem. Suck « world-ine wil, o course, 
‘ot each momentary space of any one frame at & posnt: 
‘Wut you cannot take these successive momestary points 
a wectons af the history of aay one object, though of 
course each uy de x section of the hintocy of a diferent 
‘object. Now this notion of x certain maxicium relative 
velocity is charnctaistic of the Spocial Theory of Rela 
vity, which, 00 empirical gromads, idemtifes this 
velocity with that of light m vase. 

) We cannot, 90 far as T cao sae, determine any 
thing about the actual magnitude of the angte of the 
fourdimentional cove in physical Space-Time, within 
‘which ail permissible time-directioex lie. The tangent 
Of ita halkangle will indeed be the velocity of light. 
But we must beware of supposing that, enuse «the 
velocity of light in centimemes per second, is a very 
large aumber, therefore the Talfangie of ‘the fusda- 

gunt be very nearly a right angle, und 

there is a very wade range of possible 
For the numerical valve of the velocity 

iy depends envirety oc the units that 
wwe choose for meanuring disunce and duration. The 
fargeness of ¢ may simply mean that the cootimete 












SPACE-TIME ms 


isu very sat space-usit or that the second is a very 
large time-unit; u tila us nothing about the sire of 
the angle of the fendamental cone. 


(6) I fellows at once from what Has just bees mi 








follows also that some palm of momentary point-events 
are snerascaly separated spatially, n¢., occupy diferent 
‘positions in ai? timeless spaces, whilst others are not, 
‘a thiy occupy the same place in some timeless space, 





Let \ and X' be two momentary polntevents at the 
same point / of the timeleas space of the frame Fy 
Lat p be another momentary point-event at the point a 
of the same frase, and Jet 2, X, and ilferent 
dates rn this frame. Draw the stcaight wordline: Xu 
fand Xu , I both fat within the fundamental cone, both 
are peroissibte time-directions. C90, Nand y willaceupy 
‘the same place inthe timeless space of the frame cotre- 
asponding to Au, and X’ and 4 will occupy the same place 
in the timeless space of the fame corresponding to X's. 
‘But it may bappen that Xa falls intide the cone, whiles 
‘Aa fai outside xt If so, 2p {8 wot paratiel co a possible 
tuneaxis, and therefore is not a poiot in any timeless 
apace. Hence the momentary pointevents \ and y 
bhava an mirscic spatial separation. It will be noticed. 
that the question whether fro mowentary point-event 

‘vemupy different places in the timeless space of « 
certain frame, are intrinsically separated in space or not, 
depends on whether their dates im the frame are much 
cor Bile separated. 2 aod x, which are intrinsically 
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separated in space, are couch nearer together in dare 
than X’and , which are cot spatialy separated in aif 
timelean spaces. 

(@) Almost exactly similir remarks apply, maces 
‘mutendis, 10 temporal separation. This is sometimes 
intrisaic aod sometimes sot. The diagram below will 





2 and are two momentary poict-events, which are 
simultaneous is the frame Fy and oocupy the two points 
4, and rm, respectively in the timeless apace of this 
frame.» is a third poincevent, which differs bith in 
Place and in date “rom both % and yx in the frame 
yo by strugst workdtines, Draw 
riddises mand ay normal to 2 and wv 
respectively. If both m and, be permistible tae 
Aicections, Dy and yr will both represest momentary 
‘spaces, one in the Eame corremponding to %, and the 
other in the fame corresponding tam I 30, 2 and 
» wil be contemporary in oe of thesc frames, and » 
tnd» vill be comtemporary ia the other. Their tem 
poral separation is thecefore non-itrinsic. But it may 
appen that, whilst m fais inside the fusdamental cone, 
sod is therefore a permissible timedizection, falls 
Outside it, od therefore is not @ permissible timo- 
direction. If 30, Av will be a momentary space, and 
fw wil not, 1¢ will Sollow that wand y ase extrmmeatiy 
Separated is time, 12, that there is n0 frame i which 
they are simultaneous. Here, again, the diference 
depends on the fact that 2 ard y are further apart in 
the dimeless apace af F, than are x and ». 
point-events, 
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are tatrinscally sucorsive if they be near enough 
together in the timeless space of the frame. If they 
‘ee far enough apart io the timclea space, they will 
not be intrinsically successive, te, it will be possible 
to find a frame in which they are simulmncoss. 

All these seven consequences of the view that ore 
than one, bot not all, directions in physical Space 
‘Time aze pecmissible time-dizections, are character 
results of the Special Theory of Relativity; and, a5 
(his certainly ft che fects beter than the traditional 
views, we may assume that physical Space-Time bas 
this particular kind of structure, at east to « very high 
degree of approximation. Thus the physical world as 
2 whole ia not completaly analogons tn single idealised 
sense-istory, sinca the latter bas only one possible 
Cime-direction, whilst the former las several, Instead 
of being surprised at this diflresce, we ought mther 
10 be imprasned by the remarkable amount of smilarity 
“which exists between the structures of two such wholes. 

(8 The Facte suderiying the above Theory of the Geo. 
chroometry of Phyneal Space-Time:—ME the above view 
of she srvture of physical Spoe-Time is to be vers 
able, a5 it ig to a bigh degree of ap 
must have some empiric means of () 
straight from tortuous wortd-lines, 
ing those straxght world-hner which are permisible 
ime-directions from those whuch are not. We Snd 
that we can unify the farts by assuming that the history 
of any particle which cests relatively to the fixed stars 
is straight-world Kine, and that the history of any 
‘particle which moves sn a straight line with fespect 10 
the Sxed stars, and with uniform velocity as judged 
lay clocks eet by the method of light-signals described 

Part J, Chapter 1V, is another straight worl 
ined ta the frst. Ane the history uf a wave of light 
is the limiting land of straight world-Line which we can 
‘ake as a permsibie timed:rection. It Is important 
10 notice that, alchough any one permissible reference 
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frame for physical Space-Time is strictly analogous, o8 
he prsent theory, to an idealised sensc-history, yet 
wwe have to trant the two from rather diferent rand- 
Point. The temporal relations Between events in the 
Dense-bitory are cognised dicey by pense and 
memory. Certain vets are grex siultaneousiy and 
others are gen iz suceeasion, Moreover, the sense- 
Iistory bas an iaeenne ust of duration in the constant 
arnsible uation of all she sucessive Specious Prescot, 
In daaling with the physical wocld we have i> set Up 
criteria for the simcitaneicy of suoceasion of physical 
vents; and itis aot gatil we have done this that we 
tan sty which physical events are to be put into dhe 
sams momentary space acd which isto different 
momentary spaces of a given frame. Moreover, there 
i no intinaic standard of equality of physical uation, 
and 20 we have 12 get up some criterion for equality 
‘of time-lapse. Until we have dove this, we cannot 
decide whether the motion of a certaia particle io tbe 
timeeas space of & certain fame is uoiform or 20% 
‘Andi until this hax been decided, we cast may whether 
the bistory of his pastel in or ie oot to be regarded as 

stright worldsine, inched 1» the tise-direction of 











‘he fame in quenton. 

@) The Daference enwsen the Spuoat ond Genera! 
Theres of Retatvety-—Toe traditional physics and the 
peciat Theory of Relatnty agree in waking the go0- 
chrouowery of physi Space Time Euclidean. Os, 
tw put it more acuratly, the geochronometry of the 
sar permsnsble frasw on the tattéonal theory is 





world-lines are Euclideas straight 
plies that the geometry of the one 
timeleas space of the traditional theory and of the 
many timeless spaces of Ube special Theory of Relatwity 
ig Huclidean. 
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Now in both theories we have takes the history of 
1 particle which cests or moves relatively to the xed 
‘sare with a uniSrm rectilinear velocity, as judged by 
properly adjusted clocks, to be a stright world-ine. 

lary, on both theories, we awe taken the history 
of a wave af light t9 be a staighe worlddine. But, 
ven an the traditional theory, it would have to be 
Admitted thas the uoiverality of gravimtion prevents 
the history of aay actuat particle from being an exactly 
straight ‘world-lice, on this dcfizition, if the goo 
chronometzy of physical Space-Time be Euclidean. 
For, however far a particle may be from the fed stare 
and from all other bodies, tis, even on traditional 
views, subject co gravitational forces, chovgls these may 
be practically negligible. We have now to add to this 
‘the newly discovered fact that light, and ail her forms 
cof raullant energy, are themselves affected by ravi 
Mona! fields. Thus it turas out that, of the goo 
chronometry of physical Space-Time be Buchdeun, it 
must be admitted that the history of wo particle or 
procexs that we equ possibly meet with i, is fact, a 
straight world-tine, Thus botb the tadstiooal physics 
andthe Special ‘of Relativity ate in the odd 
‘position of holding thatthe geo-chronometry of physical 
Space-Time is Euclidean, and that therefore all sight 
‘worid-ines are Euclidean straight Tines, and chee 
admiting that the history of mm actual. particle or 



















Te must be 
sdmitted that this hardly inagices confidewoe. 
Now the Euclidean hypothesis is only one of three 
ibilies; the other two being the hyperbolic a 








shies types of bypothesis agree in the impertast respect 
that any manifold which has cither of these three 
structures is Aewalsidal. This meant coughly that the 
structure of auy Site region of the manifold will be 
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the same as that of any other, no matter where that 
cegion be situated within the whole. It's oniy oa these 
three hypotheses thet this is true. Obviously thes, the 
‘ext step would be to suppose that the geo-chrooometry 
of physical Space-Time is not Euclidean, but is, never 
theless, homatoidal, We might then suppose that the 
histories of actual particles and processes ia grivi. 
tational fields are straight world-lines, though thme 
are not Euclidean, but hyperbolic or elliptic, straight 

of the structure of physical Space- 









4 apecia) but univers! foros, it woukd obviously be 
reasonable to adopt it 

Now we cam deal with gravitations) Seldn ox suck 
4 hypothesis, s0 long as we confine ourvelves to 
‘egions af physica! Space-Time which nro not occupied. 
1y physical events, “For bere we are camcerned with 
glons for which the analogy to Laplace's equation 


holds. Thin analogy, as we mw in Part {, in the 
vanishing of the Modified Riemano-Christotel Tentor 
throughout the region. Bat, when we are concerned 
with regions cocupied by physloal events, we require 
an analogy, sot to Laplace's, but 1 Pointoe's equation 





‘where pis the density ofthe" Eiking” ofthe region. 

[Now the analogy to this ia not the saniikeg of the 
Molifed Teasor, but the equating of it to anotbec 
tensor, hich expresses the "Eling "of the region under 
isessiion. And we mast remember that, under the 
heading of “ occupied regions” of pyical Space-Time 
we have 1 include not earcly those wilh contaia 
smatie inthe ondinary seage of the wort, but also those 
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which contain only radiant enecgy of any kind, since. 
hig algo gravitates. 

It is avident then, that if we want to explain gravi- 
tatiana] pheaamens by ceference to the spatio-temporal 
structure of Nature, we cannot do this by ascribi 
bomaloudal stractuce to physical Space-Time. We must 
assign different values to the Modlfed Tensor for 
tiflerent regions ; since some regions are physically 
oocupied and others are ot, whilst of those which are 











physically occupied, some are more densely filed than 
‘echors, The vanishing of the Vanadified Tensor, every 






the Madifad Tensor oaly, everywhere 
‘would imply chat physical Space-Time is bomalowdal, 
though not Euclidean; bet, since it im cerium that 
either of theoe altarassives is compatible with explain 
ing gravitmtional phenomena in tnres of the structure 
of physical Space-Time, any sueb theory aust aatumse » 
on-homalndal strueeust for physical Space-Time. The 
‘nly property which cemaios common to all regions of 
hysieal Space-Time is that the aquare of the spatio: 
temporal sepacation of any pair of adjacent events is 8 
homogeneous quadratic function of the dillerences 
between the values of thelr four corresponding co- 
‘ordinates in aay frame. 
‘Naw it dost soem to me immensely important chat 
we should not alue over this last trancition. The 
‘from ne to asother view of the structure of 
physical Space-Time, so ong as this structure it atsurmed. 
stil) to be homaloidal, is af no particular philosophi 
importance. But the jomp from 2 bomaloidal co a 
‘nos-bomaloidal structure ought not t be taken lightly. 
Trdoes involve, 9o far as 1 oan s00, the Gcfinite abandon- 
ment of a certain concept of Menue, which han sa far 
bees universlly bald. This is, coughly 
he concept of Space and Time as inert 
“containers,” dlatioguishabie from the material which 
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happens 0 occupy them. This view appears in avery 
crude form in the Absolute theories af Space and Tina. 
But it survives, and cea be restated in the Reladonal 
Uories and inthe Special Theory of Relat 
cash value of the distinction between physical Space- 
‘Time andi conteats in that tbe sum toa! of physical 
‘evens bas a certain spate tecoporal structure wich in 
the same always and everywbere, and iv independeat 
‘of gualitative difeences beeen eveats. One region 
‘of Space Time iv diferentated from another only’ by 
(qualltativn diereness in the fling of tbe Gro regions 
Now any such view vanishes altogether on tbe General 
“Theory of Relativity. It han been eid the the Speciah 
‘Theory broke down the datincion between Space and 
Time, and thet the General Tonory baka down the 
Aisdoction between bods and Matter. The Gost part of 
{the matement soems to me very loos, since the distne- 
tion betwee ayaa acd. temporal separation emis 
lerwrery absecver. The Special Theory breala down, 
not the disiating but the folation of space aad 
But, in a very real sense, the geseral theory does break 
down the distinction between Space-Time and events, 
"Wow 1 do not make thin an abjesion to the Ganerat 
Tres, Athens sce but wage of ung he 
baervable facts under concepts and aay thro 
trecsds in og ti is pantie, Tony want he 
Teader co be quite clear that thee is bere # radially 
few way of looking xt Nature. I chink i wil always 
be ponbie to unify the seme facts by the more sual 
scheme ofa bomalaital Space-Time and waltable Gels 
of force. ‘In oo fe as this Stn fo beter wih out 
tiadional wey of looking at things, ti 
prefered. Bet 1 should upposn thet a advantages 
rm only txaporary ; that they wil via a3 we beoome 
trove facies with altecaative conceptsi acd hat our 
‘presence fo homaloidal Space-Time, pe material and 
Eeids of free has 20 grate akimate sigeicance thea 
Cr prfireoce for beginning disner wilt Serr @ewerer 
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sand ending it with coffee over taking it in the opposite 
onder, 
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‘The Physiological Conditioos of Secsations, and the 
‘Ontological Seatua of Sense 


‘Ar the end of Chapter VIE we atid that the Critica! 
Scientific Theory of physical objects ad ovr perception 
cf them left two sain problems oo hand. One was to 
lear up the easing of physical plac, shape, sist, dale 
eration, een, and ta extablish thelr cask value in terms 
they must ultigately be fourded. This task 1 
hhave performed to che best of may ability in tho last 
four chaptars. The other problew was to slocidata the 
very obscure siatement that external physical objects 
‘and our ows bodies “jointly produce in ux the sens 
bby which these exteraal bodies appear to us." Probably 
azy solution of this problem will be found to Gvour 
(GF not actually to cequire) some parlcslar view am to 
‘the nature of sensa and their ontological status in the 
soniverse. So this book will Gtly eod with an attempt 
tm defize tho meaning aod estimate the truth of the 
bors sutement. 
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‘Almost every phrase in this sotement brlatea with 
biguiles. (0) The notion of “joint” production 
will be found 0 be far Grom clear, and its pomible 
iernative seaniags will have to be analysed. (3) We 
hall have to raise the question whether the conditions 
Jointly produce sensations, o¢ sense, o both. (5) The 
‘word “production” is highly ambiguous, even when 
we have settled what we mein by “jos! production.” 
Te-may mean « kind of creation out af nothing, or & 
‘procems of ordinary causation, or a process of selection 
UC of a tase of pre-existing material 

“These queations are not, of course, independent cf 
cach other. Te ls prety certain that any anawer that a 
fiven to one of them wil cut out cerain unewers 10 tbe 
rest, and will favour ceraio other answers to thea. 
Buc we must start by treasng each question separately, 
fod then ty to view the results of our sepuate dacs: 
sioun ay w whe. 

‘Without peejadion to che conctusous that we may 
reach whes we discuss question (2), we sball Sind it 
bent to mict by saying that processes in externa! bien 
‘and in our ow jointly condition semaacums, rather than 
that they jointly condition senss. Oo Our view a 
seastion is a complex mole, ia which an objective 
faceor (che wnnsum) and x subjective factor (he nct af 
sensing) ca be diguoguiahed. "Whether either of those 
fan erat upert from the ober we do not at preazot 
ther antert oc decy. Bat this atleast is certain; all 
the senza of whose existence 1 am directly aware ace 
‘conitiuents of wy sensations, and al the senaa of whose 
existence other observers tell me are conmiiuests of 
‘dein sensations. Hence any evideoce that I may thick 
1 have that eeraia paysical and pysilogical processes 
are necessary and sufient to produce ara is prise 
(facie evidence tha: they are sacensary and wuficient 10 
‘produce seusation. It ey be that they can only pro 
Aigce seusations by prodsclog sean, but this qoertion 
mux be let aside for the present So, to stat with, 
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‘we shall talk aboet the productioa of sensations, and 
bail leave ic an open question whether this involves 
the production of sense. 





he Notion of Jolat Production —I think that the 
‘iow of educated comman-sense ig that there are cortain 
events, very definitely localised in Time and Spare, 
‘which bappen ia my brain and are the necessary and 
sufficient conditions of the occurrence of each of say 
seneatons. If] sense. practeally uziform acnse-object, 
it though thar there is « practically uniform peoceas, 
Jn some part of my braze, which Insts a3 Jong ag tbe 
densadon, and is its secassary and sufficient condi 
‘Some, but not all, of these brain-wvents are supposed 10 
‘be due to external physical events, such as the stnlang. 
cof belly, the lighting of matches, etc. Others are 
supposed to be due to waternal causes. Lt is held that, 
‘even when x sensation is due Lo som 

such as the striking of a bell, chia is never 
condition, Something ust be transmitted from the 
external 























necessary and suficient condition of the occurrence of 
the sensation, will not happen, and 0 the sensation 
ot be produced. I propose first to introduce tome 
‘nocesnary technical terms for stating the common-sense 
ving the wo etar ap carmia ambiguities in cha 
notion of necetaary asd xuficient condition 
ie tome in east ous, asy, toe o eae 
believe that certain definitely localized beaimevents are 
te necessary and sufficient conditions of each of my 
seasatons. 

(@) Originasve, Trexamisrioe and Proguctrve Condetons. 
—On the ordinary view, the production of & sentation 
boy an external physical event requires she fulfilment of 
st least thee types of condition. Let us take the cate 
of bearing « cermin stroke of a cersain bell. {:) The 














CONDITIONS AND STATUS OF SENSA 4gx 


bell must be struck, or T shill not hear any sound 
characteristic of it at the time. This may be called the 
originanive condition. (2) Unless there be aic or some 
‘other saaterial medium between my body and the bell 
1 stall bear nothing, even though the bell be struc. 
‘There are excellent reagaos, some of which huve bean 
meationed is Chapter X, for bolding chat something 
‘uavels with a finite velocity fom where the bell in, 
throggh the medium, to my body. ‘This may be called, 
An enteral tranmauiee condition for my sensation of 
‘sound. (3) We have reason tm think that, even though 
the ongiaative and che extarzal tranumiative conditions 
for the occurrence of a seesation be fullled, no genam- 
tion will happen usless 2 certain nerve be intact, 
leading from the sense-organ to the train. And itis 
‘generally held that the process in the oerve is tans 
‘missive in character. The evidesos for this ix fauly 
‘good. (a) Ifthe nerve be cut st any point, nz sensation 
‘of the kind will henceforth he experiesoed.  Ttsiniagrity 
is therefore a necessary condition. (B} It is posible to 
nate the time when an external stimulus acts on a sanse- 
‘orga, and to get the patient to press a button a5 soon 
an he can afer goning the sensation. If this buston 
stops a clock, and the clock be delicate enough, there 
veil always be a lapse of time between the ewo events, 
This, of course, does not canclusively prove that there It 
any lapte of time between the reception of the stimulus 
and ve occurmace of the sensation, since the observed 
lapse might simply be the time between having the 
masation and preasing the button. We have direct 
experimental evidence tbat a process, which takes time, 
travels alang motornerves to mourcles. So far as 1am 
aware, we bave no dircet experimental evidence that 
‘2 process which takes ime travels up a sensory nerve 
from the stismalated organ to the brain. Stil, i ie 
reasonable to suppose that chis is so, and It is in fact 
always assumed. On this assumption, we may say 
that there is am interna! tromrmuzme condition which ix 
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necessary If 1 as to have ere and now a sensation of 
the sound characteristic af this bell, 
" Atrunsmissive condition might be defied aa follows: 





tee gualtatively very mach 

<dtte and. place, and the 
date the nearer they ace 
tegetber fa place. "And the characer of exch ak 
the necessary and sufficient coodition of Uae characte 
ofthe next slice. 

(4) Now, at a contin stage, viz, whes the process 
‘has peached a certain part of the Druin, x fx supponed 
that a menrnar causal reason superveoes, This oans 
‘that there is a certain braia-event, which is continuous 
with the immanent process, and is the necessary and. 
filiclet condition of an event of an eateely diffrent 
lend, belonging to diflerene substance” oF strand of 
Ivory. This ent in pensation, which i, of corey 
an event belongiog 20 that substance of strand of 
Diatory which we call the observer's iad. Even if 
the transcuasive process the body should continua 
Tneyond the point xt which the sensation occurs (aa it no 
Goubt does whea the seauation is followed by x motor 
tenction, we should aay that the sensation belonged to 
a ently diferent gees from the Inter events vn the 
tranomiaaive proces ta the body. 1 che feroal tans 

ive proceas ends up iz tho ruin, we say that & 
carte alice, which ends i i dhe pradactoe condition Of 
the ennsation. If the interoal transmissive proceas 
coutnues after the sonsstion has been produced, we 
imist way that the productive condition of the penantion 
ian cain intmrmedite slice of Us process 

Teawestato be commonly supposed thatthe lice of 
the faterealtranmoiaeive proceas which i the 
‘enon ofthe sensation sss be exirexely thin i my, 
{ey that it cannot stented mck om the Gace at which 
the sensation begins foe any appreciablecioe. | We shall 
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vee in the next sub-section that this belief is based on 
tacit assumptions, which are for from selfevident ad 
cannot be proved. 

Te i held that all sensations have originativa and 
peaductive cocditions, even though the seosation be 





‘paltucinatory.” If **see stacs," this seesation is 
presumably de to a certain brain-event, which is ite 
Productive condition. If this event can be traced to 
changes of blood-pressure ia. my eyes oF to something 





conditions is uncertain. Itiy cerain that most of them, 
‘ave, and probably the difterenoe between thove which 
obviously do, and those which apparently do not, 
difference of degree rather then one of kind. Ie is 
perfectly obvious that an ordisary sensation of light or 

tnin of transmissive conditions, 
id Incernal. It in tainly clear that a 








both external 





senuation of itching iz the Singer, or of stomach-ache, 
‘hag internal, though nor extercal, transmissive condi 
tions. "But, if an auditory or visual experience were 





ductive conditions of such mxperiences are localised, 
the transmissive process would be so short as to be 
evanescent. Still, we are probably justified fs 
that the vast majority of sensations have origios 
‘transmissive, and productive conditions. 

‘We must next notice (2) that some kinds of sensa- 
tions have axdyinteroal ariginative (and therefore internal 
transmissive) conditions. These are the sensations con- 









‘a wellknown fact that the places of somatie 
sensa In their fields are aot always w safe guide to the 
places of their arigizative conditions in physical space. 
‘A toothache occupies 4 certain sensible place in the 
total somatic field of the moment, and it may go on 
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ilar places in successive somatic fields. 
places will be corelated, through past 
re th certain places in the morement-con- 
‘tinvum, which are optically occupied by the visual 
appearances of my tooth and physically occupied by 
‘cxttain sciatic events mich dentits profess 10 know 
bout. Ana genera rule the gere of my body which 
{ur corresponds to a given sensible place in my somatic 
fields is the aat of those scientc events which originate 
fensuss which occupies this eeable place. 
‘of toothache be foosted ig a cenaia 
senaibie place In my somede Seli, my dectis mill 
{raraly Sind somthing wrong with the particular meth 
‘whieh I point out to itn as corupyiing tbe physical place 
Correlated with thie sensible place. Sometimes, how: 
ver, he will fied that noting relevant is happening ia 
his woth, but that the originative conditions of my 
toothache are located in a part of physical space which 
‘is correlated with a quite different part of ay somale 
pelt Som tas a whch tee) Gating decorate ie 
loated. 

() Anothee iaxportnt Gt is tht, although experi 
nome of & cartzin ind may grnealy have extecoal 
triginasive (and therelore party exersal tansmiesire) 
tondions, yet experiences of de samme geveral character 





















visual type. Generally these are 
‘extemal luminous body, which gtarts waves that travel 
‘tu the eye and there get up disturbance which travels 
up the optic nerve to the brain. Bat in dreams we have 
perfec distinct visual experiences, very much [tke 
those of waking life, although our eyes are shut and 
we may be in a perfecdy derk room, Again, visu) 
images are rather like visval sensa and we cao 
apprehend than best ix the dark and with our oyes shut, 
‘Thus i¢ in evident that the originative conditions for 
experiences of the visual type seed not be external to 
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the body in every case, 1 is worth noticing that here 
presumably the jaterual ociginative coeditions are ex- 
tremely unlike the normal external original 
tions. The inside of the body is quite dark; ao that, 
ateear ba the internal conditions which originate the 
ial experiences of dreams, they 









native eunditions of normal visual sensations. 


T think that visual ¢xperiences provide the only. 





Criginated zomeUmes Irom without and somelines from 
Swthin, and where the (wo kinds of originative condition 
{ce extremely dfrest in character. If we take auditory 
‘expenences, the facts are much fess certain. Tes qu 
true that Ihave auditory experiences in dreams, and 
that these ase very much Tike those of waking life 
which are origicated by events outside my Body. Tt 
fs alto true that many people can apprehend auditory 
images, and chat theye wre x good deal ike audiory 
senva, So far, the facts about noditory experiences 
fesemble those mentioned above about visual experi: 
ences. Bot sow we ave to notice two important 
differences: (3) 1t m much harder to be sure chat the 
Auditory experiences of dreams are not onginaied 
externally than to bo auce that the visual experiences 
of dreams are aot thus originated. Rooms are dark 
and our eyes are shut when we ave asleep. Bot we 
cannot abut our cars, and few rooms are wholly fee 
from those physical events which would suffice 10 
originate auditory experiences in a waking man. Tt iz 
Aherefare uncerain whether the auditory experiences 
of dreams be not originated externally. 

i) Av { have sard abore, our bodies are dark inside, 
there are no physical events ia them of a kand which 
‘would suffice to originate normal visual sensations in & 
‘waking man, But it cannot be std that our bodies um 

ntinaide, Ail sors of processes are going oa in the 
which would be quite capable of producing, In « mi 
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form, vibrations of the kind which strike a waking man's 
cars when he hears an externally originated sound. 
Moreover. our boaes are capable of tansmiting sound- 
‘waves jas aa well as air o¢ any other mosteral eediuas, 
‘Thus, even if there be auditory expeneoces sthich are 
originated internally, i¢ cansot be confidently anterted 
that thei originating conditions are diferent in kind 
from thoae of exlernaliy onginated auditory sensations. 
Exc," bea.noiaes” may quite well be nolan ol peceely 
normal origin, which are heard by the suflerer and not 
by others, simply Becasse hia train Is nearer 10 and 
betir connected with their arigioative conditions than 
the brain of anyone wise can be. Thus we are reduced 
to the apprebension of audiiory images, ax the one cleat 
example of nuditry experiences whose organative con 
tions are almagt carainy imerzal and almost certainly 
Aliferent in character from the extremal anginative coo 
Aivoas of ormal auditory sensations Tan indeed 
prepared to believe thar some of the auditory experiences 
Of dreams und disease probably do originate internally, 
‘and irom events which ave not like ordinary sound 
ibeations but 5 ake thee view, rather of the groan 
oF analogy with viaual experiences, than on account of 
“any purely auditory phencmeza known tome. 

{y) Toe question right be raised whether there be 
any typeof sessible experience which 1 a/mass originated. 
by external conditions. [should not cate to assert 
anything 20 sweeping; bat [ chink w may be rd that 
factual experiences have a fai claim to this positon. 
‘Tacsual experiences are fa leas common in dreams than 
ace visual ar nudicory experiences. Tectal images are 
extremely rare. If they exist at all, 1 certainly do not 

pprthend them myst, and 1 have sot met anyone else 
sth udmiaad doing a. | Moreover, sis quite impossible 
to prove that such “hallucinatory” tacaual experienoes 
ax there are, do not originate through acteal coomct 
detween the shiz and other bodice. For itis certain 
that throughout the whole of our waking and sleeping. 
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Jife parts of our skin ars ia contact with ather bodies. 
‘Again, there must always be contact between various 
‘art of cur intemal organs; sod bermeen some of these 
And the blood, undigested food, and 20 on. Than, ¥ 
think it would be very dificult to chow even that any 
‘actual experiense was not originated by contact with 
erseraal objerts, and impossible to sbow that such 
experiences are ever originated exzept by contact of 
some kind, either Sataraal or external. This ixdoubdless 
‘why most of us agree with the Apostle Thomas, who 
thought that ack was the best test for dstiaguuabiog 
Nnoraa} trom hallucinatory perception 
“The theoredeal importance of the poists which we 
Ihave just beon raising will be aren in a later sub- 
scotion, where we sball consider how far we are yusified 
in holding that ccrtain Drass-events are sufiaent con- 
dinons of every seaimtos. Before ending the present 
sub-section wa rust discuss one point xbout rigisative 
ad trnsimiesive conditions. Itin fail obvious what 
part ofthe whole process ia to be taken ws the srwdactive 
‘condition of x sensation. At feast it is obvious where 
it a for itends where the sensation begins. Exactly 
how far back Tt tuetches ftom this daa ia lets d6- 
terminate, and will need fonber discuation later oa. 
Butt is much les claar what stage iz the long process, 

















which ends up with  certan sensation, ought 10 be 
taken as the eragrnattor condition of that sensation. Let 
king 





us return for a moment to the example of the 
bell, We took the stroke of the bell as the origi 
condition of the auditory sensation. But it might fairly 
De atked whether we should not have had just as good 
reasons for taking un eazher or a ater stage in the total 
process as the originative condition, Whenever the 

process passes fom ane substance to another of a 
different kind, and changes sharply in character, here 
is an outstanding slice of it which might plausibly be 
‘taken as the originaivecondition. Naw one such point 
jn where and when the trantmistrve procest of sound- 
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waves in the air ends and the trantmissive process of 
nervous digturbancs in the’ nerve begics. Why 
should we not tke 2 terminal slice of tha external 
transmissive process as the originative condition of the 
sensation? Again, the process, af which one sage is 
the stroke of the bell, dows not begin at that stags. 
Protably a man struck the bell; a contraction io bis 
muscles caused the blow ; « nervous current in a motuee 
erve caused the cantraction ; asd 90 on to infinity. 
Why should wa not take one of the innumerable mages 
which precede the stroke as the originetive condition, 
of the sensation? 

To these questions I answer (1) that we do recagnive 
the fast stage of the external tranemiasive process a3 

sportast, and do mark it out by the specul mame of 
sumalas. ” Foc the physiologist and the physiological 
peychologist chia is the earliest outstanding part of the 
Total process which is of special importance. (3) The 
































importance of the stags which immediately precedes 
‘the external transtaiasive process arises from its commen 
relation to 2 number of siforent observers. If there be 

foumber of observers Istening to the name bell, there 






‘conditions, stimu! 
fare observers. But all these diferent processes érverge 
from common centre in Space-Tisie, and at this centre 
It located the physical event which is taken to be the 
common origuaative condition of all these very sisslar 
auditory sensations. (3) We can see how closely the 
‘nation of originative conditions ia teusd up with the 
fact of common optical and other ceatres for the corre: 
sponding sensa of difczent observers, by nating bow 








doubeful 
conditions of our visual sensations The mirrorimage 
ga partial optical object, and there is a certain place 
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bbekind the sicwor which is optically occupied from 
many, though not from all, rections by vensa belong 
ing 1 chis object. A ctuld or a cat might be inclined 
to suppose that this place is physically occupied. by 
those events which are che common originative con 
<itioas of all the senastions whose sensa sogether make 
up the optical object. Bet the incompleteness of wich 
‘optical objects prevents a. grown man, even if he be 
fgnarant of physics, from locating the originative com 
isons of hia rensation in the optical place of these 
jects. We aze let with the choice of ovents in the 

FoF events in the reflected physical object, a tbe 
‘oFiginative conditions of such sensations; aod, which 
ever choice we make, we have to admit that the place 
‘Which ia optically occupied by ous visual senna and the 
lace which ia physically occupied by the ongiaatie 
Condlidons of our sesaations are widely separated. If 
ny that the events ia the mirror are the oiginative 
condivions of our sentation, we must remember that 
they will not originate similar sensations in observers 
in all directions, as the ormal ongsnative conditions 
‘of visual sensa do. If we say chat the events is the 
reflected physica) object are the originative conditions 
of our sesuaton, we must remember the, usless men- 
tion be made of the mirror ax well, we cisnot account 
‘iter for the pecullar optical place oF for the peculiar 

vertion of the image sens. 

(O) Dipendonly and Independently Necerary Condition. 
U have said, 8 is commocly ald that ocrtain 
‘bmin-avents ara the necessary and sufScient conditions 
of the oceurrence of all our éiffrent sen ‘We 
have sow 10 clear up the notion of “necessary and 
sufficient conditions,” and to abe in what sense if any, 
it is ue tat braineventy are the meccasary and 
sufficient conditions of ail oar sensations. A number 
of conditions, 4 and 4 are sand to be severally 
eceasary and jointly sulicieat to produce an event £ 
if (8) whenever Uhey are all present = happens, and (3) 
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sbenever they are aot all present x does nat happen. 
eis obvious mca easier fo be eure tat o, and cae 
seveally necessary than that they ate join nutiiest 
to produce» If wecan omit in tums, hand «and 
find thats does aot heppes, we cas be soe that cack of 

is necemary. But iti far fom aafo 
beens aie has always been followed 
in our experience by , therefore these onditona are 
oiely salient to. produce. It sever rally 
ossibie to get ak io complete Isolation (rom the rest 
Of the world, and there may have boon some fourth 
factor dy which was, infact, present in all the cases that 
fell under our notice and waa reotssery for the pro- 
dacoon of x. Statements that wach and svch condone 
‘ce jointly aulicient to protuce a cerain rout should 
therefore always be viewed with suicion. 

Tale be sufficient fo produces, it folows that 20 
orber factor (unless ic be simply a constituent of one oF 
the torso, 3, or «oF « combination of them, meh as 
1), can ste be neceseary 9 produce x. For to my 
‘at ae is sucpent to produce xi 0 ay that ehencer 
ake happens « fliows. Hance both abcd and abe wil 
be followed by x, whatever d may be.® And is fellows 
smo absancn of dp does in dhe casa abd, d cannot 
bbe necessary for the cocurence of =~ If then x certain 
Urainevet be really axfinené to prodace  cerain 
senantion (ay that of the sound sharaceriatc of a 
Certain tll) the exiateace of the bel and the ar, and 
the accucmance of stroke onthe bell and 30 on, cansot 
be arity neonarary to proce this neaxtion. "Yet we 
fhosld commenty any thatthe sinking ofthe bell, and 
the other condiions which we have snomernin, are 
necessary, if that particular noise ie to be aeomed ab 
that pariclar time. Our ground for this sateen i 
that we believe that no sech sensation would. have 
happoved then, if wo bell had exaied, and i it had not 
been struck shortly before. 

1 Hon "Fm rade hese > 
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[Ris clea rom this that we use the word " neceosary” 
in two diflereat senses. I= one of theta, nothing can 
‘be seceatary to produce an event uxleas It be contained 
in the smallest set of conditions which will yoistly 
sufi to produce the event. To che other, many Tactors 
‘which wee not contatoed in the smailect set of conditions 
‘which ‘wll jointly sulfce to produoe an event aze yet 
said to be necesaary for its production. We mua 
fact, dung becween sedepradedly and depeadenty 
seeaaary conditions. Ifa certain balacereot be rally 
‘licient to produce the seosation of the sound of & 
‘ertain bal, theo the suring ofthe bel, te dizurhance 
Of the atz, and 40 omy ate Only ependently neccamry 
to the production of this seasation. That is, they are 
secessary to produce the sensation otly in 30 far as 
they ase necessary to produce the whole, or some part 
of, thac beaimevent which is sufficient to produce the 
seosation, We may say in geseral that ais a depend- 
nly necessary condition ofthe event fe be MEcESBRY 
ta produce the whole, oF some part the cosditions 
‘which ure independently necessary and jointly suicient 
tm produce = 

‘Now «very important question at once rises 
(Can a certain event « be doth dependently and independ 
ently neceaary 10 produce +? Tthiok that this would 
‘commonly be desied + but we shall see in a moment 
that it can only be denied on the basis of ceria 
sumptous about exvsation, which tave very title 
Plausiblty whes they are expliatly gated. What 
‘would it menn to say that = 1s buth dependently and 
independently necessary to produce +? It would mean 
that, #, and ¢ aay) were all needed to produce «, and 
that they are all chat is needed, but that « plays two 
pars. Ut pradies 2 (say). Ad icomeperter with 9 and 
Ftaproduces. Supposing it tobe posible that ashould 
lay boc parts, an supposing it to becertaln that 
‘eprndetly necesary, ten it would always be imposible 
te kzow that « i aot also sndefendmiy necesezy 2 
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produce £. For, if « be dependently necessary to 
Produces, there is some faczoe 8 in the seceasery and 
‘ulScient conditions of +, which cannot occur unless « 
has preceded. Since 9’ never does occur without 
preceding, we cannct possibly kaow whether 3 docs nat 
eed the cooperation of wia order w produce #, unlean 
swe have some pastive reason for balding that a 
Acpendeatly necessary condition of an event canaot 
Alto be an independerty neceasary condition of it 

“Let us apply hie abatract logical argument to the 
concrete case of the auditory sensation of the noise of 
bel 
could not occur ualess tbe bel ed rung a Lite eter, 
swe cannot be sure that the bminevent is by itself 
snificient conition of thx sensation, unles we are Ure 
that a depecdently necessary condition sarenetal4o be 
as indepeosently necessary condition ofthe wame event. 
If the brain-event never happens without the bellevent 
preceding, we cannot pounbly kow that tbe beain- 
reat, without the co-operation of the bel-event, would 
suflon ta produce the auditory sensition, unless we 
Janes some friar! ground for this bale. For the oly 
cnoclutive ampiriae ground for such a belie would be 
tw get the Bealscevent without the bell-event, aad to 
find thatthe sensation stl followed. "But, er Aypwhar, 
swe canaot get just this kind of brain-event without 
Detlevent preceding, and therefore this empirical argu 
ment cannot be used, Conversely. of course, we catinot 
bbe sure that the bellevent & independently aa well 
3 depecdantly necessary for the production of the 
sensu 

‘Nom, is there any 2 privy argumeat against she 
posibifity of a coraia ‘condition « being’ ut once 
Aepandeatiy and indepeodeatiy noceuaary to produce = 
cermin eneat x7 1 kaow of oe aad only one way in 
‘which noch a possibly could be cefuted. IF be held 
thar all the Independently necessary conditions of an 
event must be cootempocery with each other, it will 
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{allow that the same factor cannot be bot independentty 
and depesdendy recessry to produce a oerain eveot 
For the dependently necessary condition will precede 
that one of tbe independestly necessary conditions 
‘which it produces. Consequently it could nor ielf be 
45 indepondenty necessary condition, if these bave all 
tw be simultaneous with each oer. 

But] enonot accept the premise of this argument 
(4) It does au sceat 1 me fo have the alighter race 
of scteridence. I thunk there is someting to be aud 
for the proposition that cause and eect must be 
continuous with each other tz time, asd that the 
complete cause moat ‘elf be a continuous process in 
time. This, however, ig quite compatible with a and 
Heing successive, and. yet bark of thee being index 
pendently neceomry conditions of =. Suppose thatthe 
tad of Ba simultaneous with the beginning of and 
‘hac the end of is separated by a lap of time fom the 
beginning of 6. Then the prisciple of the temporal 
continuity of causation would only show that the com- 
lem cause of» consists, ar mercy of « and 3, but lao 
‘of name process which bridges the gap between the 
two. It fan no tendency to show that 4 the complete 
cause of , and that a is oniy dependently necessary, 

{2) Apart from tbe lack of selbevidence an chm 
princple that all the independently neoreary condvons 
SC an event mus be simaimoeovs, there ie a sions 
ositiee objecion to it. We have seen that ao two 
events are mtrmsisally simeltaneont, unless they alsd 
thaveno spatial separation. Events which are separated 
in the timeless space of one permissible fame, and 
ace simslaseous with respect to that fame, will be 
temporally separaced with ‘ceapest to any other fame 
‘which moves fa the Gaels apace of the Bret. Thus 
he peinciple would presumably have 1% be sated in 
‘he mucd slldee fora that the independesty cecxamry 
conditions of an event must sat be strinrzalysepurnted 
ia time, ce, that there ina least one permissible faze 
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‘with reapect to which they are all simultaneous. Bt, 
when it thus loses is original sweet aioplicity, it scems 
(eo lose any trace of selevidence which it may have 
‘nad before. 

(3) Lamy, it socms to me almost certain that the 
sufficient productive conditions of any seamtions cold 
not be mossentary, and, therefore, cust include non 
simultaneous factors. I'do not merely mean by this 
‘at nt fuets and 
can only be defised by Extensive Abstraction. I mean 
‘that, if you tried to apply Extensive Abstraction to the 
conditions of many sensations you would find that these 
do not converge 10 a set of coctemporary momentary 
states, it it practically certain, «g., that the extecnat 
originative and transmissive conditions of sensations 
‘OF light and sound are fervedis, and it is reasoaable to 
suppose that the subsequest internal processes in nerves 
and brava are penodic too. These ix a very accurate 
Correlation between the colour or pitch of the seneum aud 
the period of the extemal originative and transmianive 
events. Now it is impossble that the characteristic 
periodicity of red light, o of a cectain vote on the pinno, 
should be carried by a puccly memeniary brain-evest. 
Presumably the bralmevent, which 1 the productive 
condition of evea the shortest sensation of red, must last, 
at least as long as one complete vibration of red ight 
c, if wm prefer 19 express ourselves more guardedly, 
‘we euust, at least, hold that the productive conditions of 
the shortest possible sensations af (say) red and blue 
must doth have characteristic Gite durations, and that 
these durations must have to sach other the same ratio 
‘the periods of a cumple vibration of red light, and 
complete vibration of biue hight. If the productive 
conditions have durations, they must have now-siul- 
‘taneous parts. And, if the whole fnite event be the 
least thet is sufficient to produce the sensation, all itn 
‘mccassive paris aust be mdejendindy nectasary © 
‘Produce the sensation. Uf further, the eveat ia question 
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dhrough 

and nerve) the easlier parts oft mill also be dependently 
inecessary conditions ef the sensation, since the later 
‘parts will not happen unless the earlier anes happen and 
‘produce them. 

‘The upshot of this discussion seems to be that we 
‘eannot prove by any direct empirical argument that aay 
condition which is dependently necessary to produce 
‘8 stosmtion 1g not alsa am independectly neceamry 
condition of it. Aad we cannot prave # prior’ that 
dependently necessary conditions cannot alsa be ind 
pendently necesuary, except from » premise which 
ot self-evident, is of very uncertain meaning when be 
elatvity of phyaeal sumultaneity is considered, and is 
‘almost certainly fale a8 applied to the productive con- 
ditions of some of our most important sensations. It 
follows that it is rash in the extreme to expect 19 be 
‘able, even in theory, to igolate 2 momentary event at 

inite place in the brain, acd to say: “Thin ia the 
yecessary and sufficient condition of such and such 
sensation,” We cannot be absolutely certain that even 
‘auch remote dependently necessary conditions as the 
stroke of the bell are not also independently necessary 
conditions of our sensaucn of the sound which in 
chameteriatic of the bell. And we can feel fairly 
confident that at least the later stages of the internal 
transmissive conditions of a sensation are independ~ 
mtly az well ux dependently necessary conditions 
of Its occurrance. To put it shortly: ‘The productive 
conditions of  sesattion almost ceralnly include the 
ater mages of is internal tranataisaive conditions; and, 
for all that we can certainly know, chey might include 
the external transmissive and the originative cosditions 
a independently necessary factors, 

T think {1 i possible to produce « more ur less 
plausible sadirect empirical argument, which renders it 
Probable that the indepearlently necessary conditions of 
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some ut Jeast of our sensations do not extend #0 far 
back as the extecaal transmissive or the originative 
conditions. But it is only an argument from analogy, 
and, us we sail see, the analogy is noce too good. 
‘The argument wold run as follows: Although the 
particular sensation 2 would not have azisen when it 
J. uoless cerain exicraal originative and transmissive 
conditions had been falilled, there are sesuible expe 
ences 7, very couch like 5, which happen feg., In 
reams) when there is good reason to belinve tht no 
teuch mmuacnal originative oF transoragive procesme are 
‘Operating. If 40, istemal conditions are auficlent to 
produce #. And the analogy becween / and s my 
puggest that purely internal conditions are suficicat 
10 produce , though these cannot, io fact, arise uolesa 
certain external conditions be frst flied. Jf thi 
tbe 20, the external condivions are only dependently 
rneceanary for the production of s. To tke m concrete 
example, Although J should not have seated a certain 
flash as x certain moment unless someone had struck 
‘a mutch very shortly before in my neighbourhood, yet 
do have visual experiences very suet like this venge- 
ton ia dreams. The laiar must have been peodond 
by purely internal conditions. Hence purely iaxeroal 
conditions are suficient to produce experiences very 
such like this particular sensation. Therefore probably 
the svficient coadisions of af! visual experiences are 
interoal; and the external conditions which ure cecessary 
for tha production of many such sensations, are only 
Gapendently necessary. That is, the striking of the 
match is necessary eniy for producing the internal 
hich isthe aiciest condition forthe sensation 
0f the fas ; itis not also necessary as a cocdition which 
co-operates with the later stages of this process. 
ti evident thar such a0 argument could seer 
eblish more than s probability that external evens 
are necessary conditions of thoee 
somutions wo which they are dependently accxmary. 
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‘Tue streagth of the argument in any particalar case 
‘ll depend oc two factors, vis. (0) the depresot analogy 
‘detweea the experiences /, which ace alleged to be 
tiginated wholly fo within the body, and dhe 
sensations 1, which are externally originated; avd (a) 
the degree of certinty with which itcan be xmsected 
that the experiences ¢ are originated altogether Toter- 
nally, "When the expecieoces# areapprehnnions of 90- 
called mental” ranges I should not deem the analogy 
{irong coongh tm bear any great weight of argues. 
For, although vimal acd auditory Imagen are good 
deal ike vial aod auditory scons respectively, yet 
there are such marked dieresces bezween them that 
‘we kardly ever mistake one for ihe other in normal 
‘Waking Ue T should be inclined to aay that ooly the 
‘cpertaces of dreams, and other forms of Ballacination, 
tar enough Iikeaess to auditory and viscal sensations 
to support a0 argument sueh ar I bave outlined above, 
Now, fa the lant subaection we saw that iis By 0 
iments certaia that auditory experiences (other than 
iimages) are ever originated save by exersal pbs 

events of by imernal events of precisely the same 
Gurarter, It iz therefore doubefel whedser there be 
ny fcts about auditory expericaces which the present 
segument could use ax premises. With tactual ex- 
Deviences, a we sa, dhe position isa! )ea favour, 














fre wbolly foteraal and are quite vclike the external 
‘origizative conditions of the normal sensations. Thus 
wwe can argue with » fairly high degree of probability 
that the sufficient conditions of visual senuations ace 
Internal, and that the exiersal originative and ant 
issive conditions are oaly dependent!) 
{or suditory and factual sensations, 
Inada to only x weak probably. 

1% must be remembered, ox che other husd, that it 
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‘i equally impossible vo prove (what the naiver Realises 

i ke wo believe) thatthe external origiative con- 
Giioas of out sensations arr independently, aa well a 
epnodently, secassary condsions for the occurrence of 
three seasations. Thus, so farat T can ams, empitical 
{acta and 4 preré peincipies about causation justly Lite 
smoce than complete agsomticiam on this subject. There 
1s, derefore, an slzcat open Seld for ifieret hypotaeses, 
ach carrying the indepeodenty ntonamary conditions 
backwards in Time and Space ty diferent amounts, 
ach will lad (0 somewhat dillerent theory 04 10 

Hat i involved ia che perception of external physical 
Sbjecta and events, and che bypodhanis which Meads to 
the theory of perception which bat unifies all the 
Jenowa {42s ia the ona to be prefered. 

Within the body I know of bo meant of vting even 
‘probable Limits tothe distance backwards Ia Space a 
Time to which tbe Independently necessary conditions 
of a sensation may srich. Ut may be that the events 
ja the brais ate sufcient, and that the process in tbe 
sensory necre ix merely ‘acamissive. On the other 
thang, Ie Is equally likely, so far a8 1 c40 see, that tbe 
process in the nerve is an independently neceastry, as 
fell at a tranamisive condition, for tbe occurrence of 
the sensation, The former alternative appears to be 
nbesitatingly taken by physiologic, and accepted, on 
tele authority, by che general publi But this cnn. 
vietlon rests 08 no stronge basis than « faluce to draw 
cenain distinctions among ** necessary conditions," and 
{simple faith ic corain dogmas about caution wich 

i ot bane the light of common day. 

will end this sub-tection by coaailering a rather 
coofased semicpopular argument, which trea to raise 
oubis about the existence of external objects and event, 
(20 the ground of physiological theories about the 
ondicions of our secsatons, will call thia position 
Plotisagea! Sapiro, ‘The argument world rin some 
‘bat ns fellows, "My oniy ground for talieviog fa 
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‘te existence af external physical objects is the ocxur 
rence of certain sensations which [ascribe wo them. But 
physiology proves that states of my body are suficen! 
conditions ofall my santations. Hence I have np right 
to conclude frose the ocearence of sensations ta the 
existence of external physical objects and procentes, as 
‘thelr originative conditions.” To this we may angwer: 
(1) That, even if internal processes be suficient condi 
ions of our sensations, we Go act know and have no 
reagon (o believe, that these internal processes would 
‘ake place anless certaia extemal events were happening. 
and affecting out bodies. Thus we say null argue %0 
tha existence of such external objects, a8, at feast, the 
dependeuily secessary conditions of many of our sean 
tuons. Moreover, the cesemblacce between many of the 
‘gensa which T sense and chose whick are sensed by 
‘ther observers, the fact that visual sen from different 
Otuervara' seage-hnstories are in che same optical place, 














‘and the somewhat similar facts about auditory sense, 
suggest strongly chat there i often a cemote external 
physical event, which is located 1 and is 





4 common dependently necessary condition of all these 
correlated sensations. (2) We have seen that itis f0- 
possible 10 be sure that these dependently necessary 
txteraal conditions are sot alm independently necesstry- 
Weis, dherefore, quite ncecain whether internal pro- 
cesses are sufficient conditions of wll my sexsatons,. If 
tho be eld tally it cam only willy. be eid ws a 
robabikty tased oo certain partial analogies (3) It 
fa perhape worth while to point out that Physiological 
Scepticism cannot consistectly nop at the mage of 
doubting the extence of exarne! physical objecs. IC 
such arguments be valid at al, they ust finally be 
applied to ooe's ows body and it supposed interoal 
‘Aescture. All that anyone sows about the physiology 
and internal anatomy of Bis ow body fe bas learnt by 
stalying and diasectng other orgasited bodien. Now, 
for cach obeecves, these are simply exxeraal physical 
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‘objects, of whose existence and inner srocture be Inarns 
by sensations of aight and touch. If then he is forced t0 
‘be wholly sceptical about external phyeical objects, he 
‘ought, if he wants to be consistent, to be equally serpiial 
bout all statements which iamply the exizoce of & pec 
‘manent Inner structore and varisble states of his own 
body. The conclusion of Physiological Scepticism blows 
up lta own premises, and the only consistent result is 
complete sexpiciam sbout aif physical objects and pro- 
ceases, including those with which physiology profess 
‘tw deal. Physiologists with a teodency to phikosophical 
speculation are liable to combine Naive Realism about 
the purely bypotbetical sates of their brains with Sub- 
jective [dean about all ober physical objects, Includ= 
‘ng those which they have had to study in onder to extn 
‘about theie own brains. To parody Mr Grbbon's re- 
stark about the Jews: in contradiction to every knows 
principle ofthe human mind this slngular people seems 
tw have yielded « stronger and more ready assent 

the hypothetical emuties of their sicuce “than to the 
‘evidence oftheir own senses" 

(0 Gecnrrent and Contintont Condens —tn the Vast 
sub-section I brought forward certaia abstract logical 
<onsidecatioss to show that it is impossible to tell how 
fac the series of independenily neceseary condicons of 
‘2 sensation must be camed is Space and Tome. But, 
quite apart from these considecations, fis practically 
cerain that no eveat in the brain ina completely nuficient 
coadition for the occurrence of azy senaation. Every 
event depends on two kinds of conditions, which 
‘we may tall euarrent and conitmvent, borrowing (ro 
Aaefal nacses from Mr WE. Johnsoa, We ame 
always very fable to notice the cocurent and to 
{ignore the contiouant conditioes, and then to think 
dat the former are sufficient to produce the event, 
te would commonly be said that the stroke of bell is 
1 necessary apd suficieat condition of the occurrence 
‘of certain vibrations inthe surrounding medium, So it 
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i, provided that voere isa materia medvem in contazt with 
the bell, and that itis capable of being set in vibrasion 
by a disturbance ofthis particular period. Ivig evident 
that the late condition is an neorsary for the setting 
‘up of vibrations as the former. But the striking of the 
bell tsa short outstanding eveat in that Jong and fairly 
‘unifgrm strand of history which is tbe bel; whilst the 
‘medium and its structure exised before the bell was 
struck, and will exist with very lide change for long 
afierwards, Morcover.in our expecience, bells are much 
more often than not surrounded with such « medium. 
‘The medium se chus such an unexciting and such = 
usual plece of physical history that we hardly chink it 
worth mentioniog. Now I abould call the sicikiog of 
the bell an ocarrent condition, and the existence of & 
surrounding medium of suitable structure continent 
cemtiton, of the setting up of the vibrations. Both are 
secessiry, and either by tell 1s sufficient. Togetner 
they are suficient. We can, if we like, call che stcking 
‘of the bell the cerry and sefiaentexcurvent condition Of 
‘the vibrations, but we must on no account call it the 
necessary asd suficient condition witbout qualification. 

Yido aot pretend that an absolutely hard and fast 
line can be drawn between occurrent asd continuant 
conditions. Am occurrent condition is a short out- 
‘cuanding ation in some loug strand of physical history, 
‘which is fly uniform up to this sen and again shows 
uniformity, often of the same kind an before, after the 
alice. A contizuant condition 8 x long and practically 
wuniform strand, which steetches out with litle varia- 
tion before, during, and after the occurrent condtion. 
Obviously terms like “short,” “outstanding,” “ uni 
form," etc, are relative. Bul, for our purpose, all 
that we necd to notice i& that soese of the conditions 
cof an event are always of the contisuant type, aad thit 
the more & condition ss of the continuant type the more 
fnkeiy tis to be overlooked. 

Lot us now apply these general considerations to 
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the oecesmnry and suficient conditions of our sensations. 
‘When a stimulus, which normally produces a cxrtia 
Ikind of sensation, acts on a seme-organ, such as the 
eye ar ear, co sensation will be produced usleas the 
perve be intact and the general straciare of the brain 
be not disintegrated beyond a certain very amall degree. 
Again, the structure of the sense-organ, sensory cr¥8, 
and train may (a0 far a3 we know) be intact, and yet 
‘na gensation will be produced if the man be dead, If 
be be alive, but asicep or io a swoos or under the 
luenoe of x drug, the stimalys may aso fail to produce 
ind, Agaic, there are such pheno- 
mena as ‘‘paychic™ blindness, deafness, etc, which 
‘happen spontaneously in hysteris, and can be indoced 
aanifcully by hypnosis. Here there isn reasca whatever 
to suppove that there is any defect in the structure of 
ense-organs, nerves, oF brain—indeed there is evidence 
( the contracy—and yet the external sticulus is not 
followed by any correlated seoration In the conscious 
ind of the patient. Lastly, we have seen in an earlier 
chuptee that similar external’ soamali will ofa prodvon 
in diGerent observers sensations whose venss are pardly 
iffrent in quality, and thet these differences can be 
arrelated with differences in the past hiniories of the 
otnervers. 

Tt ia evident thes that one general continuast ooe- 
Aiton forthe production of sensations is that che vanne- 
fotgan and the serve which are specially concerned, 
and at Jeast @ coosidecable part of the bran, shall be 
structurally jtact. Given this condition, it is alsa 
rceamary that the body shall be “alive.” This is 
probably a distinct coatiton from the ove jun men 
tioned." Aithough the structure of the brais and ervous 
system does not rémaina intact for very tong wher the 
death of the body, it would be rash to any that if dis- 
integrates profoundly immediacy afer death. Mote 
nerves can certainly be kept alive for some considerable 
time after the death of the body. i shosld muppose that 
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“being: ative” involves at least the muictenanes of = 
secain moving equlibriam among bodily changes. We 
faight thereiore call i dhe graced somatic aamrren! com 
diton of secsations. suppose Dat “being awake” 
OF "being conscious "involves a last certain moving 
taullrium among processes i the brain. This might 
Duerfare be called Une general erabral srarent conditon 
ofsenuntions, Since 2 nan cam be alive without boing. 
‘eval, though be canzot be awake without being alive, 
there a 2 partial dependence and partial independence 
‘between these tvo set of conditions 

"The daduy conditions on which peychic blindness or 
deafness depend, auch there be, are quite uoknown (© 
us TC seems to me theoretically possible that the 
conditions of auch phenomena are wholly prychic, and 
have no bodily correlates at al. Whatever view we 
may take on this point, we can at least say that they 
sre speoal, and pot imply geserw/ conditions, such as we 
‘have oo far been describing. A patient ia notx8 2 rie, 
paychicaly blind to all lights or paychically deaf to all 
nolses. Most usually he ss blind or deaf only to those 
which have some special association for biz, oF 1 those 
thout which suitable suggestions have been made to 
tim by himself or by others. We may reasonably 
‘suppose that paychic Blindness or deafness if x have & 
Iodily cormine a all, depends on certain ducinesions 
between the particular mervour proceas. which would 
formally give rite to the secaation, and the rest of the 
train. "Thus che coadicion chat we shall met be poyehi= 
cally Mind oF deaf when corn stmulut acts On ut 
may be called a sproal emmetoesomdition for the oooure 
rence of the sensation. An it is a sondston which 
tually holds, ualessthece be special causes to diturh 
it itahould presumably be counted as continuant rather 
thas occurrent. Lastly, when the quality of the sessum 
party depends on the past experiesoes of the observer, 
swe may say (borrowing » useful exprestion from Me 
Rael) thatthe sensation fas ware arinons. (By 
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‘using this phrase 1 do not imply either the acceptance 
fc the rection af that peculiar Kiad of causation which 
Me Russell calla anemic eausation.") On the ordinary 
view that past experiences leave traces which pecsist, 
and that it is these which condition our present senna 
tions, { suppose that meric conditions would be partly 
continuant and partly occurrent. The trace, having 
‘become pat of the permanent structure of the nervous 
system, would be a continuast condition. The con- 
‘exions between this (race and other parts of the brain, 
‘hich have bees formed by associabon, will alsa be 
continuant connective conditons. But the excitement 
of ths particular trace, when a certain part of the brain 
1s excited by some external stimulus, in & special 
occurrent condition. 

‘Allthe conditions which 1 have just been enumeratiog 
must be fulfilled i€ a oertain stimulus isto be followed 
by & charactenstic yensation at a given moment. The 
rmaemic conditions may, in a sense, be called “leas 
necessary " than the others, since (a) there are probably. 
some sensations in whose’ production they play lite 
sfany part; and (2) even ifthey be necessary to produce 
certain sinsation at x certain moment, it is proiable 
that rather similar sensation would be produced with- 
‘out them, provided that all the other conditions were 
failed. "On the other band, af any vf the other con- 
ditions be not fulfilled, no sensation at all will be 
produced in the conscious mind * of the observer. 

‘The question can now be caited as to whieh of these 
conditions are only dependently necessary, and which 
ae laa independently secessary, for the production of 
sensation. ‘The stractural integrity of a special nerve, 
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asd its “being alive,” are presumably dependently 
Aeoessucy conditions; since, unless they be fuliled, 20 
‘Eeturbance will be produced ia the tale. Whether 
‘vey be oc be 2ot ala indepeadently cecessay 1 sons 
{empamible tll forthe reams given ia the fast ub 
smctioa. But 1 should soppase that, on any view, the 
subsantal structural integnsy of the beaia as a whole, 
is addition wo that of the particular part that is imme 
dutely connected with » special sensory serve, is xn 
independectly recessary condition for the production 
of a sensation. In addition to this, 1 sbould suppose 
at the general Balance of cerebral processes, which i 
involved 1 che statement thatthe observer 1 awake,” 
is an independently necessacy conditios. The speciat 
connective conditioes, which nre seeded for the nbaence 
‘of poythic blindness or dexiness, are alo independentty 
necessary. And, fvoe sensation haa mnestic conditions, 
these are independently necessary forthe production of 
Jost the sensation, though x sensstios a good deal ke 
ie might be prodsced wo thei absence. 

‘We soe naw tow loose to talk ofa certain brane 
event, very definitely localised in time and place, as 
(he sufficient condition for the occurrence ofa sensation. 
Apart altogether from the fact, elicited in the Inst sub- 
section, that we do not know how mary ofthe dependently 
receasary condinons are also independently necesar), 
‘we see that such assertions igcore zany conditions, 
some occurrent and some contiquart, which aze inds- 
pendently necessary. At the stmost we can call x 
cztaia beaic-event,fily definely localised in Timeand 
Space, the necessary and suficient esa! nov-nnesic 
scourent condition of 2 sectation. In adéition to this, 
‘every sentation aeeds at least the following conditions = 
(the general contrsuant cerebeal condition of structural 
Integrity of the brain as a whole ; (a) the geseral oceur- 
feat cetebeal condition of “wakefulness”; and (3) a 
special continuant coenective condition to prevent 
peyehie Dlindness, deafness, ete. Morcoves, may 





























516 SCIENTIFIC TAOUGHT 
senaations require further (4) mnemic cond 





ne, hich 


are partly cccurrest and partly coatinuant ; (5) and all 
sensations roquim, a3 at Teast dependently necmseary 





sensory nerve, shall be ateacturally intact (a continuant 
condition), and that the bedy shall be “alive” (a general 
‘ecurrant condition}. Beside all these, there may well 
‘be puray paychic conditions, baving 20 bodily correlates, 
‘which mast aluo be fulfilled if sensations are to ane in the 
mind. Lam going to assume, for the sake of simpl 

‘this bool that there is suck a complete paral 
between mind and body that it is enough to mention 
bodily conditions, because every prychic condition has 
lus bodily correiate, Tam very far from: believing that 
‘his is owe, and am not even sure that it has any very. 
defsute meanmp which would survive analysis; 90 1 
asvume it here simply ax an excuse for avobding 
‘additional complications whic are hardly relevant 10 
‘our present purpose. 


easton, Bouse and Acts of Senalng.—For reasons 
riven at the beginning of this chapter we have 40 far 
spoken of physiological and physcal conditions as pro- 
dosing eowacons. We have now to axk whether this 
Involves the production of sense, or of acts of sessing, 
fr of both. Beforn we can hope fo answer this, we must 
tay to clear up the notion of a senaation a lite more 
fally than we have yet bad ooeasion to do. 

(e) The Gonerat Proce of Senseng.—M sensation, on 
‘our view, is a complex a which an objective (actor (the 
sensumy) and a subjective factor (the act of sessing) can 
be distinguished. Whether either of these can exist 
without the other is a matter which has so far bea left 
1m deceat obscurity, it is obviously lagiealy possibie, 
‘and indeed quite plausible, that there might be unsensed 
‘senaa. It i very much barder to believe thar there 
‘ould be acta of sensing which dud not scazc anything, 
‘because on act of senting mould seem sm involve 
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special ration betwees 2 sentum {which is dvereby 
senoed) and something else. Let un begin by asking 
‘whether every diferent seasation invoives 4 differeat 
Sof sensing. 

1 seams clear to me that we disingolsh diferent 
sensations by aveacs of the diferent seosa which art 
hee objoctn If two seman bein diferent Gelda of the 
tame sense latory we should aay that Che obscrver had 
(wo differnt sensations. [Ftwo tenaa were ic the samné 
field, and completely overlapped ia tie, we should say 
‘hat the obsecver ad two sensations, provided the two 
sense wece separated spatially ia the Seid by & back 
{Fround which didered qualitatively from both of them, 
T thiak it would be reasonable wo say eat sense in 
tccessive feds are sessed by different acis, which are 
hemaelves successive. But | se wo reason fo postulate 
diferent 2s of sensing for diSerestsensa in the same 

cid. When we remeraber tbat sensa do not exist in 
isolation, but are simply outtacding features in sense- 
fields, any such view seems far from plausible. It 
‘ems more reasonable to suppose that the same net 
of sensing grasps a whole senvefield, We can then 
Alistingrush a3 many sensations as there are outstanding 
tensa sn the field; But there seems no need whatever to 
assumes special act of sessing foreach ofthese sensa. 
To say; "11 bave two coctemporary sensations, ove of 
-rand the her of 7," would seem co mean simply: “1 
tenge a Geld f, in which # and 7 are evo outsanding 
party, which may overlap in time but are separated in 
paca.” Thum, although every sensstion involves an 
act of vonsing, it dogs not filow thet the production of 
‘every senaaton involves the production of a special act 
of sensing: 

‘So far, we ive been conaidesfag seman which are in 
the same special feld, 2g., ia some one visual Bald. 
‘But my general sensehistory consis of a number of 
parallel special sexse-histovies, eg, visual, tactual 
Auditory, ete My general sensehinory ‘goes of 

















SB SCIENTIFIC THOUGHT 


throughout the whole of my waking life st any rate, 
hough there may be gaps in any one of my special 
senee-histories, Now 1 do not 30s any reason to 
‘muppose that there are as many contemporary ants of 
senting aa there are contemporary special smuse-fields, 
‘The various special Gelds are joined up with each other 
by seasible temporal relations to give x general sense 
field. If Yam aware at once of a visual and a tactual 
field, 1 08 a0 more ground for postulating two acts of 









And a blue patch in the same visual fil 
rather sty that there ia a single gencral act of sensing, 
‘Which bappens to be supplied wit both ® visual and a 
‘actual fld for its objects. Certainly a tactual sensation 

very diferent from a visual seqsation. But 40, 10, 
a sensation of a round red. patch {rom a senaation of 
a square bike patch. ‘The difference in the objects 
‘seems to be enough to account for the difference between 
‘the seasations ia both cases, and it is needlessly multi- 
plying entities to postulate éifereat acts of sensing as 
‘well, woless there be some special positive rerson for 
doing 20. 

1am therefoce inclined to thiak that at any rooment 
in our lives, while we ace awake at any rate, there is 
‘a general act of sensing; and that these successive 
genera! acta join up to give a single general preaus of 
‘scosing, forming the subjective corvelate to our general 
sonaerbistory which is fs object. Some slices of this 
general object consist of more, and some of fewer, 
special senseields. Consequently, we have sometimes 
more, an sometimes fewer, kinds of sensations. 
Again, one field of some special senserhistory may be 
‘more diferentiaid isto outstanding sexsa than anather. 
Consequently, we have sometimes more, and sometimes 
fewer, sensations of the sarce tind. But, if Tam right, 
thie makes no dideresce to the sumber of our acts of 
seosing. I Ga not deny for a moment that there may 
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be, from time to time, special mental acts directed on 
to special senza. Sametizes one sensu particularly 

ar because of its intrinsic character oF 
associations. If so, I may specially 
In a0 far as this involves more than 
eld 
in whom centre thare is a larger and more distinct 
seasum correlated with the old one that first attracted 
my attention, it ne doubt involves the directing of x 
special mental act on to xcertain sensum. Bot specially 
WD attend ta a sensum i somethiog more chan merely 
‘tu sense it, and therefore the fart just admtted 18 quite 
consent with our earlier statement that there is 0 
need to assume a distinct act of senting for each distinct 
sensation. 

(8) Conditions of Semesng and Condiiont of Sensi. 
Let uy now apply some of the conclusions which we 
reached i the last section about the various conditions 
which are necessary for the production of senaations. 
‘Wa have jast seen that not every special seomtion 
involves « special act of sensing, though every sensation, 
oes involve aw act of sensing. In the last section a 
dintingusbed between the special occurrent conditinns 
of @ mnsation and cern equally and independently 
necessary general conditions, some occurrent wind some 
eontinuant, Now it seema (o me probable that the 
‘general process of sensing is kept up by the continuant 
fend occurrent geseral cerebral conditions, which are 
involved in being awake” and conscions, And it 
‘seems 10 me that the function of the special occurrent 
eondivons is, cot «0 produce acts of sensing, but to 
produce outstanding sense in cur special sense-bistories, 
‘and thus to supply the genecal process of senaing with 
various objects. If the specin! occurrent conditians be 
fulllled without the general cerebral condutions, 
‘conceivable thax sense may still be produced, but it is 
certain that they will aot be sensed, And we know, 
from such facts 28 paychic blindness and dexfness, 
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that, even when both sets of conditions are folSlled, 20 
sensum will be consciously sensed by the otserver 
‘unless certain special cantisuant connective conditions 
tbe also fulfilled. In such cases it seems sell more 
fikgly that sense way be prodwoed without being 
sensed. But these abstract poasiblides of the pro- 
Gurtion of unsensed sensa cannot be propery estimated 
uuotl we have cleared up the notion of " production, 
‘ich we shall ty to do ia the next secsion. 

‘Now it might be said: ‘If you think it poasible 
that the apecial occurrent conditions aright produce 
tunsersed sensa ia the absence of the general cerebral 
conditions, do you think that the general cerebral coo- 

8 might produce # general process of sensing, 
with nothiag to sense, in che absence of 
‘ccustent conditions?” To this [answer : (a) Probably 
rot; because { find sical t kaw what, anything, 
would be meant by a process of secxing with no objects 
ta vense, and am vierefore doubtful whether anything 
of the kind be possible xt all. 1 do oot fel any similar 
ificulsy about dhe possibilty of unsensed wena. And 
(Byin any case the question cannot be teated empirically, 
for the following reasoa. The cerebral conditions which 
Xeeep up the general process of sensing art themselves 
dependent on more gesera) somatic conditions. We 
feannot be conscious without being though, 
there be ever completely dreamless sleep or complete 
aneuthesia through drugs or disease or accident, we 
may sometimes be alive without being conscous. 
‘Thus, whenever the cerebral conditions for sensing are 
falied, there is a rough balance of physiological 
proceares 10 the body as a whole. Those somatic 
conditions supply the genera! process of senving. with 

‘contioual serie of internal sensa 2s objects. Thus, 
‘practice, the general process of sensing never cauld 
‘ack at least a somatic sense-ickd 10 sense, for the 
dependeatly necessary cooditions of the former are the 
coriginative conditions of the latter. Once the generat 
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Sense-blatory to ease, external stipili acting on the 
‘organs will supply the process with sease-fields of other 





2, auch as the visual aad the anditory. The one 
process of sensing, which is peemasendy provided 
With 4 somatic sensehistory for the reasoox given 
bore, grasps the other kiads of sense-fcid i ita side, 
as they are supplied £0 it {rom time to time by special 
secusrent condons 

‘Here we might pechaps leave the mater; but there 
inn further spacalation om this subject which it seams 
‘worth while to mectioa. I do not with to stake too 
tmuch on it, but it does seem % me to be hopeful, and 
‘bt without plausibily. “My suggestion is as follows: 
‘We have never attempted, 30 far to analyee what is 
tmeaat by ao act of sensing. We have atsuimed that, 
when a sensure ig seoged, it sands im some special 
‘elation to something else, and that it would not stand 
in precisely this relation to this something if st were 
fot being sensed. But we have never aiterpied to 
sabe what his sorething is nor to describe the relabon. 
Now ove result, which secon relevant for the present 
Purpose, did energe from oar discussions is. Chapter 
VIE on the question whether senaa are io any may 
mental. We saw there that the need of distinguishing 
between she sensum and tbe act of sensing wat most 
obvious in the case of visual and audiory sensations, 
and that it was least evident for bodily sensations. Ta 
fac, we suggested that 1t was possible that bodily 
‘gansations”™ are not true sewiafonr at al, but are of 
tho nature of presentations. This would mean that 
they are unitary experiences, in which these sealy is 
so ponibility of distinguishing act and objec. We 
lunee also just soon that, oven if Ue dstineion betwee 
act and object is to be draws for bodily “sensations; 
the general cerebral condioos af the process of senslog 
cantor, in fact, arise apart from those general somatle 
conditions which supply this proces with some sease 
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as object, If we combine che tater result with the 
‘suggerion that bodily ‘‘seasations” are really not 
iingulshable ino act of seasiog and sensux, we 
reach the following tentative coscluslon: The general 
cexrebral and the general somatic conditions co-operate 
to give = coctiouous series of unitary bodily feelings, 
in which 0 distinction between act of sensing and 
gensum can be drawn, This constitutes the somanc 
sensecbinory and it is broken ducing life omly, if at 
all, in dreamless sleep and otber states of complete 
iousness. Granted that these general condi- 

tong are in operation, suitable stimuli on the 
organs of sense cause special sensx, visual, auditory, 
€tc., to unite with the vomatic sengehistory and thas 
a form the general vense-hisuary. Now [ augyeat, very, 
tentatively, thet “geting sensed” may just ovean 
‘coming into much relations with the somatic sense- 
history as to form with it m general senseristory.” On 
his view a sensation of a red patch would be a red 
sensum, 90 related to a somattc Geld chat they forin 
together a gree! Geld in x cerain sense-bistary. A 
contemporary auditory seesation would consist of a 
aoise-sensum, related in the same kind of way to the 
same somatic field. The somatic field itself would 
consist of feelings or presentations, which ure not 
objects of acts of sensing, but are unanalysable mental 
states, Ik will thus form the subjective factor io all 
true sensations. If we ask: “What is the relation 
which a xpacial seunson must have to a somatic field 
crder t0 be sensed?” the answer seems to be that 
the sentam mutt stand in the relation of senaible almul- 
taneity to some part of the somatle feld, i. that the 
two must fal into a single Specious Present. For this 
Is certainly the only known relation which binds various 
special seuse-fields together into a single general sense- 
field. Of course, it may wel be that sometbing further 
than this is needed, but at any rate this seems to be the 
most sotionable faature in the relavon. If this sug- 
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igeation be right, what we have formerly called the 
‘general process of sensing’ is just the somatic xense- 
history, and what we have called “getting sensed by 
the general process of seasing” is just coming isto the 
elation of sensible simultaseity with some part of the 
somatic sense history. 


‘What is meant by the “ Production of Banas. We 
have agread that, in some meaniog of the word, sensa 
re" produced.” The production of « seasation con 
its In supplying the general pracess of seosing with 
4 certain gensum at a certain time as an object. And, 
if the suggestion made at the end of the last section be 
aocepted, this means cauting @ certain sensum (0 be 
sonaibly simultaneous with a certain part of the voratic 
geosehistory. Eves so, the action of "production ” 
remains highly ambiguous, and we must start by clear- 
ing up ita vanous possible meanings. 

(@) Selection and Generatnon.—Dr Johnson is reported 
to have described his one meeting with Mr David 
‘Hume fa the following terms: ‘On the sole occasion, 
Sir, on which 1 aatered into the intimacy of « familiar 
conversation with that notorious Sceptic, des contri 
‘on to the mutual conviviality was (0 pradace a draming, 
30 wnutterably gross in ‘as to merit a 

















‘concep 
‘murmur of disapprobation wren within tho walls of a 
brothel!" Now Dr Johnson's statement leaves us in 
doubt as to exactly whet happened at this memorable 
‘meeting, aad the conte is due to a characteristic ambig- 
‘ity ia the word “produce.” Did Me Hume selet for 
Dr Joknson’s inspection one of x number of obyection- 





tand pollute a previously virgizal sheet of paper by 
reverating sock 2 pictore upon it? We may compare 
[Dr Johnson to the general process of sensing, Mr Hume 
to the productive conditions of a sensation, and the 
picture to the sensum five And we may raise the 
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‘question whether, when # sentation is produced, the 
special oeourrest conditions simply pick ost a certain 
sensu from 4 mass of airexy eximing seams, and con- 
‘ect it up with the general process of sentiog; oF 
‘ahieher they have to geoerais the sensu which it 
aansed. OF course, it may well be chat senza are 
subject to both Kinds of prodection, Even ifthe pro- 
ustion of a seozation only seeds the selection of = 
certals sensum fram a qass of weeady existing seam, 
{tls bardly tkely that these seasa have existed for ever 
1 they bave not, dhey mast at some time have been 
geoerated, Conversely, if tbe production of a sensation 
{involves the generation ofits sexsum, it does not follow 
that this ig aaficend to produce the sensation 
‘eomtion will be produced woless che geneum which ix 
‘genemited gots properly couvected with © genera pro- 
cent of tensiag ; and itis oot obvious that « semfum 
‘could not be generated without ij fate becoming con- 
nected with a general process of sconin 

‘We may say thea, is genecal, that pradectoe soust 
be differentiated into aacton and generation. Now 
selection may be either serie or mgsti. We my 
select a cand from a mass of other cards, ether by 
picking it up and leaving the rest 2 tbe table, or by 
leaving it the table and sweeping all che others on 
(o the floor. T should eall the Srst process pit, and 
the second magatrre, selection. In general, to select 
from « group ¢ implies the following facts: () AQ the 
raceabers of g origically stand in like ralatons ta the 
selector 1. (@) A particular member, 2, of the group 
£9 male to stad in w different relation from all the 
feat to. Thig result con be reached citer by leaving 
the rest of the group im theie old relations 10 7 and 
changing the relation of x, oF by leaving = in its old 
relation to , and changing the relations of ali the other 
mesibers ofthe group to 3. The former is positive a 
{he Inter ia negative selection. 

‘Both forms of selection imply chat = mase of senos 














CONDITIONS AND STATUS OF SENSA 535 


alrady exists for us to select from. it will fest be 
ecemary to see what precisely this meand. A stumum, 
which I sease, is an event with a certain short duration. 
TET say that of existed before 1 begea to sense it, and 
that 1 wil exist after { opase wo sense it, [cannot 
literally man that precisely and numerically the same 
‘event ag that which I seostd exiets before and after my 
sensiag of ix. What T must mean is that this vensum, 
‘which T sane, ia a short alice of « looger strand 
‘erethet out before the deginning and after the end of 
‘my sensum. This strand must be qualitatively 

‘mall is seetions itis to be true, even ia a Pickwicki 
manner, that ray seagum “existed belore and after 1 
sensed iL” The strand, a8 a whole, is aot contained 
in my seaaerbistory 5 but T can understand what {9 
meant by 4uch a strand, since there are plenty of sense 
‘objects which ars contained in my sense-hsory, The 
physiological and other conditions must be supposed to 
pick out a skort alice of such a strand, and to connect 
ic up smth my geseral process of sensing, 30 that it 
becomes one of my senta. So the selective theory 
would seem to imply that a senta ate short slices of 
longer and practically uniform strands, even when these 
strands are not, as wholes, sensed by us, and therefore 
‘ace not senve objects ia our bistaries. 

‘On such a view I take i: that the selective proccss 
would have two diferent parts to play. (1) It would 
select one of more out of a much larger number of such 
strands; and (2) out of each selected strand it would 
further choose the particular slice, Jong oF sbort, w? 
4s to be connected with my general process of sensing. 





























the present 
‘The former would consist of a successive series of very 
similar sed sense. The latter would consist of a sucort- 
sive series of senan with « different sensible quality 
from the former. The structure of our eyes, oF optic 


co SCIENTIFIC THOUGHT 


nerves, ar brains, would completely prevent us from 
sensing any part of che lanzr sense-obect. This wovid 
‘yo an example of negative selection, Again, we should 
ot be able to sengs more thas a short shce of the 
former sease-object. The position of my body and the 
nlevant events 10 my brain and nervous system pre 
sumably select chis particolar short slice out of the 
whole red sense-object ta be a seneum in my history. 

Now, of course, there is 0 doubt that aur bodies do 
act selectively. If we turn ia one direction, we uuto- 
‘uatically cut out the appearances of objects in many 
‘other directions. Agams itis presumably the structure 
‘of our bodies which determines the comparatively small 
range of ethereal vibrations to which sensations of 
colour correspond, and so on. But the question 19: 
‘Do owe bodes elect sous, and are they onl select 
their chon? Or are they also generauve? { take 
that the ordinary view of educated common-sense 
that they do not aolect semsa, and that they do genentee 
senta, The ordinary view would be that our special 
entcorgans and sensory nerves solect vibrations of 
certain wavelengths, and transmit comesponding dis 
tucbanees to the brain; magnenc vibrations, light- 
‘waves of t00 high or t00 low frequency, and so on, are 
automatically cut ext, and fail to disturb the braun. 
The selection, 20 far, is made out of a mumber of 
physcl brates, nok out of a number of different sense. 
‘bects. Again, st is commonly supposed that if, and 
‘oaly if, a disturbance reaches the brain, a sensum 18 
demoted. 

Now 1 do not think that there is any direct way 
‘of deciding berween purely selective and generanve 
theories, All that we can do xt present is t0 point ost 
the main mars and defects of theories af the selective 
ype. On the face of it their chief merit 1s that they 
make the ontological satus of senss in the world masier 
to undarstand than do generative theories. With the 
ater there is a sharp distinction between stientifc 
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objects and events, on the ove band, and the azsa, 
» under certain peculiar circumstances, they 
generate, om the other. The very votion of gencration 
not eary to widersacd, whilst that of selection 1 
ely invelligibie. And the satus of sensa, when 
‘genemted, in a world which consists almost wholly of 
Scientific events and objec, is cerainly most peculiar 
Finally, we ace dleectly acquainted with many sens, 
sand therefore do know thas there ate such things and 
twhar Arad of things they ate. Now the natural come 
plement of a selective theory of the production of sensu 
is u theory that physical events and objects are com- 
posed of sensa, some few of which are sensed and the 
(reat majority of which are aasensed. 11 might reason 
ably be said that the hypothetical entives of such a 
‘theory ave less hypothetical tban thove ofthe generative 
‘theory, which makes physical events and objects to 
differ io and from sensa and sense objecis. On the 
view of physical objects and events which corresponds 
1 the selective theory of the production of senta, all 
‘that we noed to postulates unsensed seosa and unsensed 
vense-objects. That 1, we only need to 












“Thus we may foitly say that, fa purely selecove 
‘theory can be made to work, and fit can be necompanied 
bby a satisfactory theory of physical objects 1s composes 





the dificult aotion of generation and of giving sensu 
a less ambigcous status io che universe than any 
(geesrative theory is kkely to do. 1 will now paint out 
certain dificulties in theories of the selective type, and 
in the view of the nature and status of sense which 
(generally accompanies such theories. 

(1) It is dificult to work a purely selective theory 
without postalating a perfectly exormous sumber of 
unsensed senaa. Tam not aow alluding to the sense 
which fave to be put in places where there are 90 
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oboervers. After all, ony theory has to put sevithing 
Gan Fghtwaves, 2c.) fato sued places and times; $0 
that the selective theory is here no worse off than the 
genemtive theory. For slilar reasons 1 do sot mace 
tan objection that there will have to be many kinds of 
seas (ef, magnetic, ultraviolet, ad 20 ox) which no 
cone ever senses. What Iam thinking ofis the lowing 
fact. At a place, where the physicist would say thet 
‘4 Single physical process is going on, It 1s possible 
for all sorts of qualitatively diffrent seasa to be sensed 
by putting in diferent observers or by altenag the 
internal states of a single observer. If physiologic! 
‘processes be purely selecuve, we shall have to postulate 
43 many different kinds of sonsa co-existing at x gives 
place and time as any observer, however aboormal his 
‘vodily condition, can sense if put chere at that time, 
U aay coenutng, although we cannot literally have the 
same observer in wo diflrent states at once, ar (0 
iflerent observers in the sue place at once. For wa 
do find charactenstic changes in the sensa which are 
rumnsed from a place wheweer we suitably alter the 
intersal state of the observer there or introduce a 
suitably absormal observer into his place. Lf you hold 
that the internal states of the observers’ bushes are 
causally independent of the sensa which they sense, 
and dat they act merely selectively, you must conchide, 
in accordance with the argument of Chapter XI, that 
sensu fe all those which the various observers ‘senve 
eremt, although the senaa which are acrually sented 
are muconasive. (Cf pp. 422 t0 429.) 

Twill take one very sizapic example to illustrate my 
‘meaning. An observer stands in a certain place and 
senses acertain sense-object. He pushes bis eys aside 
with his foger, and begins to sense two similar seose- 
‘objecta which are sensibly separated. This happens 
‘whenever be chooses to push his eye asite, If bodily 
condiuons be parey selective, there must have bees 
two separate and similar senscobjecia alt the 
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‘one af which remuina unsessed except whea he puthes 
Wis eye aside. 1 nd due very dificalt to ewallow : and 
4 supporter of a purely selective theory will have 10 
swallow a lange number of equally unpalatable doses. 
1f the genea which an abnormal observer, of 8 norma 
cobeerver in a temporarily abuormal sete, eases FM & 
furan place were abrlaey mndbe those which normal 
‘buarvers sense irom that place, # pasely selecuve 
theory would be more plausible. The diffcuity is that 
the abnoraua sensu are «grant deal like the normal 

yet dstinely dullerent. Tr is very dificalt 
funder these conditions, to resist the conviction that 
‘oth the abnocmal and the normal senan wre generated 
by two sets of conditions, xe common ta boty and 
one varying ftom observer to observer. The former 
Accounts for the likeness, and the letter for the 
difference, between the seas. 

‘The only purely selective theores that 1 k20w of are 
1M, Bergaoa's ia Metter and Memory and Prot. Alexander's 
in Spats, Tame, and Dnoy. M. Bergeon boda, 90 far 
ais Tean understand, that physiological conditions are 
purely seleccive, and that the salection is negati 
Our minds would normally be in similar cognit 
felsooan 40 ery vent im Nate, end. the whole 
fonction of our bodies ro perception and memory is 10 
‘shat ont the vast majority of these events trom ove 
cognuance. Unfortitately, M. Bergroa does not 
condescend to enter into detail and the only possible 
‘way to decide for or against selective theories is 10 
wrorke them out im detail and to see whether they 
an be made to St the known facts. Prof. Alexander 
5s not open to this objection. He has made the most 
Inerou efforts to work out « purely selective theory, and 
he uccompanies it with a deGnite and exsemely intaret- 
ing view as to denature of sensu and ther status m the 
‘universe. He takes physical objects to be fourdimen- 
tonal stands af history; und here he is andoubiodiy 
fight. He then supposes sease to be “sections” acOss 
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auch suands. Seman are dhas “onutained in” physical 
‘abject, as the various sections which could be got by 

liciag an ordinary cylinder ic various direcions are 
“contaised in” the cylioder. ‘The positon of the 
obeerver’s body selects the particular physical objects, 
land the particulac sections of cach of these, which 
‘mind can "contemplate there and then. The function 
ff the physiological processes in brain and cervous 
system is to keep up that process of “enjoymen 
‘which is the contempisting of much sectioos. Such « 
sheory has many advantages, af it could be made 0 
work. It acconis with common-sense in taking sense 
fragmentary and depesdent, an compared with physical 
rbjoct. And yet it makes all wens, whether scnsod 
or not, exist at “pars” of physical objects, in a 
perfactly definite und ineligible way. They exist io 
phyncal objects, asthe various posible sections of geo- 
‘merical solid Gyuce exist in it. Some are momentary, 
‘and may be compared to the various crreular sections 

‘4 cylinder, if we compare the ans of an ordinary 
cylinder to the time-direction of u strand of physical 
history, Others coasist of a set of momentary events 
of various dates, all failing within a certain abort 
uration ; these might be compared to oblique sections 
of an ordinary cylindar. 

‘Unfortunately, it seems very difficult to uphold such 
a theory in ce of alt the facts. If we never dreamed, 
and if we always saw objects through a perfectly homo. 
‘gecous medium, without ssierors, lenges, wtc., and 
‘f people and things never moved about, it would 
be more plausibie. I cannot, of course, attecspt any 
‘adequate criucism of it here, but 1 will raise ove point: 
‘When T see as icage of @ pis in a scirror, of what 
physical object precisely are my visual sensa sections? 
Ie they be sections of the pin's history, why are they 
Optically present az x place quite remote Gom that 
‘hich is cecupied by the pin? And bow can the inage- 
senea and those which I sense when 1 look direcdly 
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the pin be sections of the same strand of physical 
itory? 1f the imagesensa be not sections of the 
hhintory of the pin, ace they scctions of some strand of 
‘physical history which is located ac their optical place ? 
Surnly not: for it is well known thet 0 relevant 
physical process i= going on these. Arr they then 
nections of some strand of physical history tocated xt 
the surface of the mirror? If 40, why is their optical 
place at some distance Aehond the surface of the mirror 
Instead of upon it? Prot. Alexander has tried bis 
hardest to deal with auch dGcuities, and in the courte 
of his discussion much of value has emerged : but he 
has provided no neswer which J can fully understand 
or accepe. 

(2) If, in face of dificulties of this kind, we ad the 
amallest trace of gencranon to & portly selective theory, 
the latter at ence loses many of ts advantage 
(ale Mr Russell's theory, a8 expounded in 
Lectures and his Anais of Mind, 08 az example of a 
predominantly selective theory ith a small trace of 
‘generation in it. He regards a physi object as 
‘group of connected sensa, with members in alla 
Of physical Space-Time.” The vast majority of these 
are uneensed. Ifthe body of a living observer be at a 
certain place ata certain time, he wi ‘sensu 
from each such group, and ose on! be will 
of course, be sensing senaa from many difereat @roupe 
at once. "So far the theory is purely selective. “But 1 
tndecstand Mr Russi! wo hold that thove sensa, belong 
ing to given physical object, which occupy cegions 
oft physical Space-Time where there is 90 tiv 
corpunioed body, are nysiematicaly diferent is quality 
from venan of tha same group which occupy regions 
of Space-Time where such « body is presect. This 
‘would seem to suggest that the observer's body and 
sts internal processes are geaerstive, a5 well as selective, 
im their action, od that they af least modify quali- 
tatively those seasa of any group which are ia their 
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neighbourhood, Mc Russell seems gecerally to regent 
crganised bodies as analogous ro distorting me, 
Coloured glass. Itake it Ghat Me Resselfs tory, i 
ita present form, i= adescedly wanton aly 
4 Grat stp tn the divection which he withes to follow. 
‘Thie makes it a very delightful Auzt Sally” forthe 
rramerous philosophers who are more azxious (0 sare 
‘eat verbal hits than to heip io waravelling the com 
Dlexives of Nature. I propose tn state some ofthe main 
Siicaltin which srike ov nthe theory, aa resend ¢ 
‘witout imagioing for a moment thar they are fal 
Sections to tie type of theory, or that Me Russells 
not gute at well aware of them a3 {az 

VA purely selective theory, fit coold be worked 
cut, would have two advantages, one ontological, and 
the other epistemological. The ontological advantage 
i that tern would De given a detinie and intelligible 
atu, at, in some seoae, pars” of physical objects: 
wrens, im theories of the generative type, it is hard 
Xo sew bow they exist aide By sige with the physical 
events and objects which generate ther. ThE c 
ological advancage is tat the hypodbetca en 
which every theory. needs fn onda? to Sil the gps 
Between our seamtions, are ere of tho same kind. ae 
tho" vense which we seman. We are therefore only 
potting more entities of = kind ‘which we alrady 
Kena ta wise 

‘Now itdoes am to me that «theory like Rusa? 
however sucoeul fe might be on the ontological side, 
sucrisers tot of the epitemological advantages of 
purely seleaive theory. If oor brains and. nervoon 
zymeme be a Hind of medion,” they art media from 
‘which eves the “Free Man” canoot get fre. And ft 
is ndmited that they “colour” to an uoknown exient 
‘G1 the ecsa with which we cas, poanibly become 
acquuined. We therefore Ja. not aly koow thet 
Ssenan can exist at all apart from beaina 4nd ervous 
sysems, And, oven swe decide to potulatesenaa of 
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some Ind in places and times where there are no branns 
fend nervous systems, we cannot bave the slightest idea 
‘what intrinsic sensible qualities auch sensa will have. 
We really know just as much and jost as litle about 
them as ve do about the hypothetical scientific events 
asd objects of the Critical Scientific Theory. To call 
‘hem sass, under these circumstances, seems rather 
misleading ; for it ig Kable wo dieguise the purely hypo- 
Uhetical character of these events, and w suggest that 
we know a good deal about chevr intrinsic quallties, 
Really we know nothing abou the events which happen 
at intermediate times and places between the opening 
of a shuter and ovr sensing of » Gash, except that they 
obey Maxwell's Equations. 

(iy In Chapters (X and X 1 pownted out that pete 
ceptual physical objects ar comperta, made up of various 
correlated constituent objects, optical, tactaal, ete Now, 
Mr Russell's theory seems ta bare boen built up whotly 

‘gbtcal constituents of perceptual 
yaa in w theory of complete eptal ojrts, 
‘kod, 10 far, of nothing else. ft cannot even be sal 
that be as yet deale with partial apncal abectt, Ike 
mieror-images, of wich the soll worse complicatio 
of non-homogencoes transmitting media. When Mr 
Russell tells us that be cam easily deal with Nature 
by regarding it as a sixdimensiocal spatial whole, 19 
which Al) sensa have their places, and by regarding. 
physical objects as groups of sensa which form three 
Gimensiooal spatial wholes, 1 cannot help suspecting 
that be is thinking ooly of visual seasa and of complete 
optical objects. At least, 1 cam understand more oF 
eas what ke means, om this inmmrpretanon, but not at 
all ihe expects to work ail Kinds of sonat and all the 
‘various componants of pereeptnal physical objects into 
uch a scheme. 

il) Closely counectad with this ig the fact chat 
Mr Russell bas aoc yet treated the observer's body 
in terms of his general theory of physical objects. The 
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‘wody ig a physical object; and, mmgarded as a pec- 
veptaal object, it has all the components which 
cantioary piece of maner has, together with a special 
component, viz, the somatic history. If Mr Russell's 
(geeral theory be right, my body must conelst of a 
‘et of correlated groups, eark compoted of eorrelated 
senta of x certain iad ; and it must be this composite 
‘et which selects and "colours the seuss of the other 
physical groupe which we sense. lam not sure that 
theory does act at present awe souve of ts plautiil 


















‘of cur own bodien (and perhaps of other media, like 
amucrors and coloured glass) as physical objects in the 
‘nom Russellian sense, and of all other pieces of matter 


‘as physical objects in he Russllinn sense, 

Gv) le salghe, perhaps, be objected shat Russe 
theory mates senaa too substantial and seifsubaisent, 
‘hilt it maker physical objects too ghowly. Certainly 
‘Aicxander’s theory ay ia thig respect, more in accord 
‘anon with common-senge. But {am not tactined to 
tach muck weight « this objection myself, After 
4, on Rusaels theory, unsensed versa do not as & 
ale exiat fn aolation. They are smembers of phyicl 
frovps, coanecied together by qualitative silaricy and 
Tegolar rules of spatiosemporal comeation. And the 
Alleged gubetuntialty of physical objects, an compared 
‘wid senoa, ray well eat 05 sothing but our special 
Practical interest In thote groups of sensa which happen 
to be preity stable, and our practical ignoring of isolated 














theories ace at present rather in tbe position of demo- 
cratic government. There is 20 pantine argument for 
shem : the only arguments for them are the objections 


agemet their alternatives. And the analogy may be 
carried farther, in $0 far as there are seriauy positive 
‘objections to all selective theories that hava yet been 
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suggested. If, to avoid these, we introduce a certain 
amount of geseratios, we may keep sasy of the ooto- 
fogical advantages of selective theories, ut we lose 
‘ost of their epistemological benefits and we introduce 
the new and dificule conception of generation. 

(G) Causation and Croco. It teasing to consider 
the form of production which we have called geseracion, 
‘This is tool am ambiguous term ; und generation must 
be distinguished ioto amuaton and creation, We shat! 

the distinction between creative and causal 
‘heoties dows nor cest on an absolute difference af ind j 
aul) it ie important, aod it cust be Grmly grasped 
teefore we can criticise generative theocies of the pro- 
duction af senaa. 

‘When [say that te fetion oftwo bodies" generates” 
‘heat, Lam uaing “ geaeracion” in the causal, and not 
in the creative, sense of the word. 1 mean that a 
ceriala process ia two pre-existing bodies (eg, the 
rubbing together of a drill and a piece of fron) is 
followed by a change of quality (or miber, by a change 
‘of ineenaty in an already existing quality) in both of 
‘them. All ordinary generation ix of this type. It pre- 
‘mupposes one or mare almady exiating subsances, an 
rantiauant conditions, and it aaterts that one specific 
Kind of change in theic qualities or relations is followed, 
according to a geseral rule, by another specif ki 
‘of change in theie qualities or relations. Creat, On 
the other hand, would mean that certain occurrent 
conditions in a pre-existing substanon or substances 
ase followed by the springing ito existence of x nae 
‘nbstanca of some specitc Kind. The diGerence may be 
sated shortly, i terms of occurrent and continuant 
conditions. Both cansation and creation involve these 
two kinds of condition. fo ordinary cammtion, the 

is determined by them jana af with one 
‘the conomuaat coaditions, and becomes a 
[part of iz bistocy. Ta creation, the event which is 
determined does not join up with sny of its continuat 
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conditions to form « farther mage Ix thei history; it 
‘ither remaios iolated oc ie the begmsicg cf an 
‘Sogether aew strand of history. 

Row, in real Ulm thee are wo examples of pure 
creation, However iooatad an vest may be whea it 
is generated, ix ban some place and date in Nature, and 
this jotos up with and cottioues the history of Nature 
a whale, i not the binnry of some particular fre. 
‘euting object in Nature. Moreover fi be determined 
by events fa. proesisting subviancen i place, date 
and specific qualities wil be fixed by those cf ith 
determining conditions. ‘So i i, at least, jl 
by cane! conterlons io one or occ special pre-e 
parts of Nature; altbough it lacks that qualitative 
similarity and spatial continuity with any of these parts, 
which would be needed before we could say that it 
‘ctunlty Joins up with and condisure the history of some 
particalar pre-existing substance, Thus, we may speak 
of one generative process as being “more of the creative 
and of another as being “more of the cavsal 
1 but we can hardly apeak of any proces as 
"purely “creative.” Tn" proportion. an x geoarnive 
procens is morn of th crstive type ti ees intligble 

iicaty about gencrative theories of 
the production of seam is that st Reat sight at any 
tate) the gooerasion of tensa by physical and pysio- 
logreal processes seems to be predominandy ‘of the 
creative ype, Let ua to bow far tit is tot. 

If provers ia our own bodies be folios com 
dlisons for quoetating sensa, i cancot be asiG, a2 4 
rule, that the acnaa wich they genecate join op widh 
and’ contimse ‘ihe history of the conditions “which 
ionerate them. If a change is my optic nerve o¢ my 
‘rain generates a ed sensum, tare is 20 obvious way 
in which this sensum can be said to join up with and 
continue the history of my brain or optic nerve, If 
Sense and sense-objecs fer im Bind from scientléc 
‘events and object is clear that there cannot De 
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‘auch tera contauity af quality oF pation berwnen 
4 seasum and its gearrative conditions. The only con- 
tinsity is temporal aod causal. Even if we suppose 
that physical objects includiog our brine and verees, 
fare groups of sensa, some of which are sensed and 
fost of Which aze not, there is still very litle coe 
Ainuity between most of our special sense and thelr 
‘somatic conditions. For, on such a ew, ay body is 
Presusably a Large group of somatic arom, ont of 
‘which T gense a certain amall selection which forma my 
somatic senaehinary. The physiological oondivocs 
which generate other sensu would thocefore be some- 
where fn this mass af somatic naa. Now, visual and 
aodiory seaaa are not in the least ike somatic sezim 
thay fall mio diferent specu sexse-bistoriet, and. not 
into the somatic secsebisory. Hence, even of out 
brains aod nervous aystems be simply groups of somatic 
sensa, if cannot be sad dat the visual und audivory 
sansa, of which they are the continuant gecerative cour 
ditions, join wp with them and cootious thei history 
‘many plainand staightorward way. (Of course, these 
remarks do not apply tothe generation of somatic sens 
Ahemaelves : far they do yoin up with the somatic sense 
Isto, and the later simply is selection out of that 
swtole mass of somatic senza which would constvie 
ty body os the bypothesia under discussion.) Thus 
we may say that, on no view of the nature of physical 
‘events and objects, can visual and aditry senna be 
Sd to joie up with and continue dhe history of their 
igenezative coaditons, if the later be proomect in oor 
ming and aervoun systema. Ths, # auch sense be 
agonected at all by physiological proceses, it must be 
Atlmited that the geceration ia ruber of the creative 
than of the causal $ype- 

‘On the other hand, we mutt not exaggerate che 
faolation of vinual and auditory seas. (1) All those 
tak we sense are at any rate eveut in our freer! sense- 
history, and are hoa seated at Inaat ty seesible 
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temporal relasiont to pares of our somatie sense-hstory. 
Ga) Agaia, I i very care foe a visual sensual to coca 
‘nyac fom other vinualsensa.. Thus does happen indeed 

we Hease a single Gash on adark night. But ural 
a vinual sentun is an outnanding part of a assch lager 
‘isu fet and this visual fill is uel a slice of a 
‘sual sengehiswry, which atreices out before and 
aftr it. So, in the vast majority of cases, viaual sens 
when they occur, do oin up with a special pre-existing 
coatiguant, viz, the observers visual scase-bisiory. 
‘Ths i Yee frequently true of anioryseaaa, though i 
ss oft true of them too. (3) Often « van) sensu 
does not merely continue ce visual seasehistory in 
enecl, but continues the history of some particular 
sease-object withis it, This is true of moat of the ont 
sanding wense in our visual Selds, if we Jook steadily 
jn any ose direction. (4) Bren when 4 sensum 13 a 
‘quite Isolated event in oy general sense bistory, and 
fet part of any seese-ctyect m ane of my specal renee 
hisaies (eg wben ic isa single fas sensed on a dark 
nighd) it may tave specially clove coerlations with venaa, 
4 the bintories of other observers. it may bea member 
of a group of very similar senat, which coomitutes 
4 complete oF parunt opccal object and has mambers 
fn various observes’ Bsnries, And the genous) 
Another olwerver's history, which is thas correlated 
fn inolated semsuma im mise, may 20% elf be olaed, 
Temay bea slice of x long seme-obyec. For instance, 
svother man may be gazing at a lighted candle, a 
between it and my body dhere may be an opaque object 
swith a abutter. If hie shower be suddealy opened and 
Innmedistly afterwards closed agen, Taal sense ant 
izolated visual sensum. But itll be corselated with 
ery Similar sensum ia the other mas’ hieory, and 
thin otbor sensum wil be a short slice of along sense- 
chet. So that, indirecly, my igolated sensum will 
‘be orrelated with a cera special sense-cbject,aldwough 
this sease-object i oot in my Bistry. 
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“Tuas it is far from being tree in general that sensa 
‘are perfectly isolated occurtents, and that they do not 
Join up with the history of preexisting continuants, 
‘What we soust aay is that sometimes they seem ta be 
catremely isolated ; that off their connexion with pre- 
if continuacts is rather remote and indirect; and 
that appareatiy they nner join up with the history of 
(hat particular costimuaat (viz, the iain) which 1 the 
sear oftheu most immediate specal occurrent conditions. 
These facta show that the genersson of sensa by 
Physical and physiological processes must be consicer~ 
Ably different from the causation of a change in one 
Physical abject by # change im another. But chey do 
ot suggest that the generation of sensa, if it take place 
call ina perfecdly unintelligible process of creation. 

(4 Phymuat Casrauon and Causation of Seasa—We 
have seen that there is 90 radical distinction berween 
feausation asd creation, but that the generation of 
physical events is rove of the causal type, and that of 
‘densa more of the creative type. We ought therefore 
to be able to give a definition of generation, which shail 
cover both cases, and chen to point out what die- 
tinguiabes the generation of sensa fom that of physical 
events. 

Inardes to do this, we must enter alittle more deeply 
into the nature of events. An erent is = paricular 
existent, and thersioce the generation of any erent 
the geooration of u now particular existent. By this 
Vsunply aan thae precisely and numerically the same 
vent eangot possibly recur, although, of course, quali- 
‘atively similar events can occur at my differest times 
and places, Nest, we cust distinguish between de- 
‘erweatowec andl pertialansy. A perfectly dfizite cade 
of red is determinate, bur in oot particalac. The difer- 
fence between determinaieness and pasticularity. will 
beat be seea by an example. Let us take (1) redoess 
in general, (2) a pectectly definite shade of rad and 
(3) & ceria sensu which bas this abade of red. The 
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ralation af (3) to (3) is quite didereat from that of (2) 
to (1), though this is often dlaguised by che satement 
that (5) in a0 smstance of (1) and (3) is 40 éartance of (2). 
‘The difference le that the sesaum caznot recor, though 
coher senan of exactly the same shade may occur a 
itber times and places. On the other hand, Ute definite 
bade of red is oti & usiversal; since any number 
of seasa may have precizely this shade of rod. tt ix 
therefore best t0 say that the definite shade of red ix 
«¢ bswest determunate wader the datermamable of redeess (10 
‘dept Bir W. E. Jobnaon’s pbrascology), and thac the 
‘enmum iso fertcolar mutonct of this determinate. The 
analogies and dilfecences Detween being x determinate 
‘under « determinable, and being. an instance of « ée- 
terminate, are the followiog:: (1) Determinables have 
44 plunlity of determinates, and deierminates have a 
Plumality of instances. But (2) the mumber of determi 
nates under a given detacminahle is a necessiry conve 
quence of the nature of the determinable, wblist the 
unber of instances of a given determinate in purely 
contingent It is of the nature of redness that there 
should be just such aod such shades of red, bot the 
number of instances of any shade of red dependa on the 
makeup of the exinent world. And {3) the instances 
‘of deverrinates ace always particulary whilst the de- 
terminates under determinabies are always univeraals. 
Now an event is fully described 12, marked of 
from all other evects, if we kaow (1) its place and saa 
in some Space-Time : (2) Its extension and duration ; 
dand (3) the determinates of which it is an inrance. 
For example, © certain visual senturm is completely 
described if we know where and when it oomirs in 
‘an observers sense-hisiory, what shape it has, bow 
Jong it iass, and what peecise shade of what precise 
colour it has, Thus, the ocurreace of any event can- 
sist ia Bie "occupation ” of a cerain definite region 
(of some Space-Time by ope or more determinates under 
fone of more deternminabics. Now the cature of the 
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““fltiag” of one or more regions may £x, according to 
general rules, the nature of the * Sling” of a certain 
ther region. fan, we say that the evgnts sich cos- 
{Smt in the femer regions being “filled” with such and 
such determioates gearate the wrest which consists 

the letter region being "Siled” with soch and such 
other detersinates 

‘We caa_ now give ® deScition of gmaruien in 
general. The widest fora of causal law would seca 
to be of the folowing kied : If any determinate of the 
determinable C iaheres in 4 region r ofthe Space-Time 
5, then a certain correlated determinate 7 of a certain 
correlated determiaable Pinheres io a certain correlated 
region p of cermin correla Spocetine Z (Of 
saurse, the antecedent may involve more than oe 
determinable, acd axore than one region ; but tere is 
20 need to complicate matters further for our present 


purpose.) 

Now 1 take it that ocdinary physicat caunation if 
disinguisbed by a very grat simpiifcaton of this 
moat genoral type of law. (1) All the events undat 
{Staion rein he ene Space Time (i, pysial 
Space-Tiant) so that Su. Thin i try in 
Ree peed Geavtieres wih aay, 
diferent. ways into tmeare aod tineless space. (2) 
Very often in pliysical cxumtion we have only 0 deal 
with a single determinable, eg, physical motion, This 
‘would be trun if, ge wore considering how the motioa 
oC one biliard ball generates tha: of amotec. Im such 
‘cases C=E. (3) The determioables ara generally such 
(hat this determinates canbe Sed by giving w periculat 
anmerial valae t some quantisative variable. If 30, 
cand y will be connected by = reatheratioal formslt, 
rach ah-7=$ (6 Lastly (4) ince we sve dealing bere 
‘With single Space Tre, we may be able to assign 
4 slagle system of co-ordinates to the whole of it The 
teglocs rand p will then bave co-ordinates jn. the same 
frame, aad the correlation berweco them wll be expres- 
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able In an equation or set of equations of the form 
een. 

‘New the peculiarity f the onsattion of seosa may be 
tbat these special sizeplifying cnoditions are not fulfilled 
Dare Tae, eg, the production of a ed sensu by 
processes ia the optic nerve and braio, upporing ¢it 
these art sufficient oceurrent cocditions. (2) ‘The brain- 
‘events consat in the filing ofa certain region of physica! 

The 












winual Space-Time with 1 determinate shade of red. 
Thus wo diferent Space-Times are involved, (3) In 
‘consequence of this, the exerelatin between 7 and 
‘willbe of much more complicated type chan it would 
De it rand p wore just two regions in the sume Space- 
Time (3) Weare here coecerned with cwo quite diferent 
etermiaubles, wiz, physical motion fsay) and redoess 
‘Thus we cannot put C—T. (4) The dewerminates under 
reduess, ity the definite shades of red, cannot be ex 
pressed simply by diferent valoes of the arse sumencal 
‘arlale ance they dor quattatively Thus we cannot 
pt y= 9 (0) where thi is an ondioary algebraic equa 
(00 or tet of mgaations. 

‘All thi eorapliation Se doubtleas troublesome, but 
led not really conder dhe causation of seaaa direst 





in dend from the causation of one physical event by 
another. The scientist has simply bacithed nearly all 






sensible appearanons, from the most 
‘most trivial, and from the most ocmal to the most 
‘utlandiah, forms part af the cota! content of the existent 
world. We bate no right then 20 feel surpcised if the 
structure and laws af the existent world as a whole fal 
to sbow that sweet simplicity which distiogulshes the 
particular part of rt to which eafural acientiem have 
‘confined themselves. Science hax been able te take 
dha great strides which it has made by deliberately 
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ignoring oce side of reality. The and has justified the 
means, for the world is so complex that it can osly be 
‘understood bu by bit. Moreover, the success of this 
abstraction does show that reality as a whole has Jess 
‘unity chan certain departments of The physical part 
of reality and the sensible part do notindeed form water- 
ght compartments, but It does seem as df there were 
‘charactarivie forms of unity in each which dat etreech 
acroas fram one to the other. From the philosophic 
point of view, the procedure of natural science bas rather 
mumbled that af those diplomatic Confeceaces which 
Ihave done so moch to brighten European life since the 
‘Ailing inaugurated the New jerusalem in 19:8 The 
mast edifying unity has been secured on each occasion 
bby turning « blind eye to all the leas convenseat tacts, 
and referring them to a future Conference for further 
discussion. I= philosophy, as in economics, facts do not 
cease wo be real by being ignored ; and the philosopher 
becomes the residuary legatee of all thase aspects of 
reality which the physicst (quite nghtly, for hu own 
purpose) has decided to leave out of account The 
analogy only breaks down when we contrast the relative 
‘soocess of the scientiats and of the politicians im their 
eapective felis. 

‘The difficulty which we fee! about the ontological 
status of gensa may be put as fellows: We feal that 
anything which can successfully claim to be “ real," 
oust be somewkor and somemier. And we are so 
mach accustomed to physical Space-Time, and to the 
‘way In which physical events and objects occupy regions 
in i that we think that an event cannot be “real” 
unless it ocupies some region of physical Space-Time 

the way in which a physical evem does 30. Now, 
iz moeme clear that either (1) seasibie determinates (ouch 
‘assame particular shade of red) do not inhare in ergions 
of physical Space-Tine, but in regions of some other 
‘Space-Time: or (2) that, i they do inbere in regions 
(of physical Space-Time, they snust inhere in the latter 
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in some dierent way from Unt in which physical dter- 
sminats (ike physical motion)do 20, Eitber thie none 
senre of “‘inhereace” and many dient Space-Time, 
‘oF there is one Space-Time ant many diferent senses 
erence” On ether staaativa CBE work a 
‘holo is less simple than we sboold Tike to elie 
nd, iC we have come to think that there in ooly ona 
pomible Spece-Time and ocly onn pomible kind of 
interence, we sball be inclined to suppown thet sane. 
nowberesed nowkee,and therefore ae mer finan. 
‘Plaidy comtmry to fey walan Doe whole 
tray of treating weorible appeamoce which i Ceveloped 
in this book be wenog, wa mst accept 006 ofthe two 
suaratives ost mensoed. 

‘Now, it seems t me that these to alteratives are 
fot mutually exciusive, but are complementary. Wo 
have loog ago dropped the notion that a Spane Time ix 
‘kind of empty marehouse, wih various ellart ceady 
to receive diferent materials; altbough it remaien pa 
‘ealent to fall aa if this were x0. Onc view ia thal a 
Space-Time iss characieriate form of relational unity 
which pervades « whale set of ents, aod biods them 
together into a peculiar kind of complex whole, whose 
fandamentalstocture is aummed ap ‘n the geo-chrono- 
metry of the Space-Time ja quesloc. When we say 
Cha detecminate ~inberex in ceria region of & 
cerais Space-Time,” we only mean that an instance 
ff fe eoters foto certain ralatons with other lasances 
Sf the seme and of other detrmisates and that the 
felations which it bes to them are of the same type 
aa thowe hich they Bare tm ach other. T 
Slat ny view of the stroctore of Neture a0 =. wtcl, 
‘with i peculiar minture of woisy and disity, can bo 
tmore cleariy explained by a familar analogy than by 
{pret dea! of foraal exposition, 

st ws compar  SpaceTime to 4 fexily of 
brothers and serrs Then, coming to occupy a ton 
thin Spar Time wil be like beiog.borm ito this 
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family, Let us take such » family, and suppose that all 
ita cembers are children of the same husband and wife. 
‘Thia fundassental family F, abal be taken an analogous 
1 the physical warld, and the slaple relasion of brother 
‘or sister within it shal be analogous to the structure of 
physical Space-Time. Now we can suppase that some 
‘of the members of F, have children, and that others do 
fot. Those who do may be compared to organised 
bodies, and those who da sot to unorganized bodis. 
Tam going to tke the childres as analogous to sense. 
Now consider the funilies of two members of F,. Let 
these two members be A and B, and let us cali their 
families respectively F, and F.. Thea we oouce the 
following facts: (1) Each of these famibes forms a 
‘group analogous to F,. This corresponds to the fact 
that the sens of each individual (grovided they are of 
the same sort) form a spaticsemporal whole. (3) Fa 
and Fy do not together form one family, in the sense 
dined. This correspocds to the fart that the sence- 
Instories of diffrent observers form diferent Spacc- 
Times. (3) Neither &, nor Fy forms with F, x single 








family, in the wease defined. Thuscorreepands ta the fact 
that sensa are not literally in physical Space-Time, and 
that physical events are not Witerally in any sensible 
Space-Time. (4) f= opite of this, there are relanons 
a the 





between members of F, and members of Fs, 
relation of cousinship.  Sicailary, there are rel 
between members of F, or Fy and those of F, 
the relations of child-and-pacent or of nephew-and: 
vuzcle. Thus, akhough the whole set of individuals 
of the two generations does not constitute one family, 
{in the sense of one set of brothers and sisters, yet does 
constitute © vet of interrelated terms, which may be 
called a “family in a wider sense. In precisely the 
same way, I take it, the physical world xed the various 
sense-Listories form ose interrelated whole, although 
the reltuoas which strech across from onc seus 
bstory to another or from a sense-histry tothe physical 
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‘world are more complex than those which interconnect 
physical events or Interconnect sensa in the same secse- 
Butory. (5) Lastly, we sight suppose that some of 
the members of F, had married twice in scecession, and 
‘had thus had two families. Or, again, some of them 
might have embraced Mormonizm and a plurality of 
contemporary wives. We sbould thus get a peculiar 
relation, viz., that of half-brother, to which there ix 
‘cothing exactly analogous in the family F,, The whole 
family of M, the Moraion mesiber of F, would aplit up 
smo two ot more families. The celation between a 
member of one ofthese families and a member of another 
of thes would be more intimate than that of coustesip 
land less sotimate than tbat of complete brotherhood, 
‘Thia is analogous to the fact that the genecal sense: 
hhintory of an observer aplics up into a number of special 
sense-histocing, such (bat sensible temporal relations do, 

‘sensible spatiat relations do not, stretch across from. 
‘one to the other, 

Now, sf we had taken the original family F, as 
fundamental, and had “placed” ail the members of 
the second generation by stating Oeir various relations, 
such ag child, nephew, etc, to various members of Fy, 
tha would be analogous to taking physical Space-Time 
‘as fundamental and saying chat seasible determinaten 
‘of different kinds inhere in different ways 10 regions 
of this one Space-Time. {f, on the other band, we 
take the notion of families, in the strict sense, as funda- 
‘mental, thia will be analogous te saying that there is 
‘a pluralty of diferent, though correlated, Space-Titmes, 





























‘Space-Times ia the sume way as phytical determinates 
inhere in physical Space-Time. It is obvious that 
these ace only two dilfereat ways of treatiog the same 
‘et of interrelated facts. Logically tha two methods 
are equivalent to exch other. 

Ubave taken this elementary exacsple to ilustrate ia 
rongh outline how we ean combine sensa and physical 
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‘events inte one uaiverse,n apite of their many important 
‘differences. ‘The exact details of this must be ieft to 
‘the symbolic logician ; but che complexities which anse 
‘even ix the siople example of lazily relationskips will 
‘show the reader thar the complication of Narure 45 a 
‘bole is compatible with the ultsate relations between 
ita elementa being comparatively lew and simple, The 
mistake is to ty to force Nate ar « shoe into the 
‘mould which fits one iesportant pert ofc; and then to 
suppose that, because this atempt breaks down, Nature 
as a whole bas no structure at all, but falls into com- 
Dletely isolated and incobecent feagmn here are, 
T believe, two diffeeat levels of “simpli 
etween them there is a region of “compl 
There is the lower kind of simplicity, which we find 
‘when we wolate ose fragmest of Nature from the rest, 
‘and ignore ali the aweward facts that refuse to At into 
the scheme which applies to this fragment. ‘There is, 
‘or there well may be, a higher kind of simplicity, where 
‘we have recognised the fusdamemtal soweture of Nature 
143 4 vhole, aad bave seen how the structure of special 
regions of Nature rs just a special case of hese funda- 
mental relations. But, in order to pass from the lover 
to the bigher kind of simplicity, we mum traverse 
aan intermediate stage of coofution and complexity, 
sm which we confront the lower slanpicty with all the 
wwkward facts which it has ignored. This is a task 
tm which wa can all help, if we keep our heads clear 
‘and refuse to be put off with cheap and easy explam- 
tions. The final stage, chat of finding the simple plan 
‘08 which all this complexity is constructed, can only 
‘be accomplishes by men who combine the msight of 
(genius with technica! mathematical abiny ofthe highest 
Order. ‘Te this combmation of gifts few of us cx5 lay 
lai, and the present writer is oprsialy not one of 
those who eas. Im our dsy one man, Einsteio, bas 
shown what such © combizauon can accomplish within 
the region of physicn Wo atl! await the man who 
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will show us in decal how the wocid of physics and the 
world of sensible appesrance are ta the ane 
‘whole of Nature, The utmost that we cam claim to have 
one here isto have stated some of the facts which he 
‘will need to take into acount and to unify. 


‘The following additional works may be consulted 
swith advantage: 


AN Wurreneao, 7&r Prep of Nacerat Knead, Paste 
Nat 
The Cowcpt of Hetary, Coapn 1, 
vasa Vi 


TA Prete af Rebar, Chapa Mant 
© 

WA W Ruysnns, Or Karma of he Exsrnal ierd, 

“Lace TH aoa tV 

The Analpne of Mond, Uncin ¥ and V1 

$ Avexawonn, Spun Dims and Loy Bi 11 

1 nnoLom, Afar and Stemery 

GE Mocks, Plalespaca Saar. 

GF 7007. Hind Vol XXXL NO 124 








INDEX 


‘Ateraom, and Theory of alt- 


coe 
‘Fimsata ree of Mabe 








poet 


try ae 
Eotrocemstecererc] 


a et 











Seimei rent wonyy. bi 48s | Keema Bical Theory of 


xe by Por, te 





aa 








i! 
| 


fflglt I La 
ity 

TanRS 
an 
at 





bi 
¢' 
HI 
¥ 38. 
& 











a 
4 | 
25 
ue 


HSLPLP LIfe! 
F 
| 
FY 


i I 
aH, 
e 


‘I 


if 
H 
i 


a 


ih 
HI 
/ 
B 
& 


VLU 
rare 
i 
a i 

tat 


il 


ima 





af 


H 






ILHEI Ist 
ih 
fe 


i! 


ieflll 


Decade ext sen oe 


E 





Seceeets o 


at 
ere al, 


Ec} 

geeks car se 
Sot Reg on pret, 
see ne of, and Fore, cto, 


‘Street nto, of Matry, 186, 


9 
] 
p 








Wek epee ome eB 


* 








The 
International Library 


PSYCHOLOGY, PHILOSOPHY 
AND SCIENTIFIC METHOD 


Eid by 
©. K OGDEN, ma 
Map Cre, Cardy 


nwo en tay hid 
eat eke ube 
mtr 


: 
| 








(pardteiudeteombertangesientnnt te 


Piblaed by 
REGAN PAUL, TRENCH, TRUBNER & Co, Ltt. 
BROADWAY ROUSE 65:74 CARTER LANE. LONDON, BC 


a 


SASH! 


7 " 
Eee gear “T 

Sia SES E 
RES Ogee ft 
oe anit A 





= ee 
Ta a a ar 


franaaeseas rsan ane aceceegs ox veeeseeresss 0 sem 


Sn UTA EI LURE ae 
ye , lei ae a ma 
ee ee 

I ia 

HRT i i i 

se a 





Inrmeartovan Lranaat or Perciotocy 





VOLUMES PUBLISHED. 


Pippin! Sading By ©: Mew, Lat Dales 
aes. Seda See 
TSR NST tet ies meta we ha oon 
ipo Magna eles cma ploy Saar 
The Miguo of Mind: 4 Stay of Baer’ Arack og Ina- 
‘hy x Treloce by Hews Bergin, 







ance 
Py ogy, aed Pefilen, eal Orher Bway By Wo 
Te oa ca! Ante 
toon by CS Myers, FRS ras Gd vet. me 
se 


Sa roy 





Medisine, Magi, WHR Bom ERS. 
Seago = ene Setod ean, 68 


Se geet engl ear Sy ap 
RSee ee eed 


Tenet Login 2 Ludone Wagener, 
ncwetne 7 Bowen! Reoad, FAS “aa oat 


feasts or 
‘Tt tera onapfes tbe ie Sour 


‘The Measurement of Femotion, By 6. WhatatySruth, M A. 
Feceward by Walken Breve, M.0., DSc xox. O82 


‘usher me orn tas wood a preteen Set 
eo 

















Scleutibe Thoothe. ByC D Bread, Lue D Lectura Pslao- 
iy at Trouty Cadege,Cambratge Seco eciton, Yee net 
(eee ements eS a ee oe 


Sepa ceme, Debs acer mee 


lama ete opin ce re beer Sopp! 

Payeholooa! 7) ce rained with 

oe a ee 
oberon fate a Df 












Charred ie Unser ere em 
SLT ST ee es 


‘The Meuniog of Meaning: Stuty ofthe Induce of Lan- 
st Regt hy © ogee end 





NpSctatry Vase vy Pfeer 9 Nato tnd '6 
Gratahanhs iD tytientoo, 20 6 tat 





‘te tm aa ht syle o Hr enc vole, ot wnthent a 
"aii fe eee 


tener nd piney Sok fate ered a 


Sod 
Scoas arenes 
The Praholnty of Rewrning 3p Even Ronen, Ihe 
Manto Pedtlopey inthe Uaierny of Mens ae tek 
zie eee St 
Tee 


pie Cong ages ere Ea te 


Sabon ndepeodaote 







6 _Iwremremiona: Lzssanx or Prrczoioor 





atioon: Eom on Heruomm a the Paicnophy of Art 
Seay Eine Eated by Hoty Reed Prontapocs ood 
Hovewurt y Youd Rpsire tow fds ma 

«ye pen pcan at yt it On 


Thy Nauce of lett ib, Ten, Prot 
UF Aychgy inte Unrarsy of Chcags "aon 6a at 





Iereanarionar Lipeasy os Perczoucey 7 





‘The Gronks ofthe Mi Cais Paycholagy. 
Wy IE Regis otsnor ste Uanenty of Caen Poets 
‘diana, rovsed and tech ise. te 


SR Ss famed 
See ens a we 


SRLS 


The Mealy of Proar W Kase, of Behn 
ameniy can anon fot mtn, in et 


of Religace Mri, By Profane omer 


ed pasegee Tor ten Sp ean 
eeu a nang eh igre Sere te BN oa 
5 a 
ESOS Fie ore eters 
Th ol of Mga Pty, 6 Ra, rer 
fe Pyttoge Labret 8 
sete ing eer teeceengre a Soumraee * 
Ss SS 




















Timepcaegy oT, By May Sak C4. 76. 
oa ts ad 





efliodoeen. By Mery Cees, MA, PAD otrodu 
Cee yD fs Dan Wound pte x4 6 ot 


ceva, ved we eters rag ae “ene nga natin 





‘ie volun, wih an trraducuon ty Batené Racal, PES 
ae 
ae Se 
eS 

hg te Ca Sr sh en Imig 
Seat oe Ba sane 

rs peor nat ee 
fa Gasgiaceavae onsen ae 

a 














Intemuxmionar Lisnary os Prrcuoiocy 9 





Equpational Chard Fox, Lecter on 
ieee a Me Cattaty Ht Cambrge Sound ease, 





Penonality. By K G Gendon, MD. DS: 
‘fon or 6d bet 
"Baan yaar vey aml ete ces 





petri omer pera 
Llarary Sepbiomans "Aveemaat costnbotes Yo Abe say eh 


omoclhty Priak Neda Fora 


Biglogial, Memory, By Foprue Renae, Prfsunr of 
tS ta imety of Was rn a et 
“fame ewe neg ere enn er 
Bibs eal property of “korea Towner wet oot ha ey 

Tan ogre and the bok dure tbe srw Hen? 
iinet babe’ me 


ive Philenphy. By Pr Monat Tote 
Conkeen by Fe MD ERCP ve ek 











‘The Languugs aod Though ef te Child. 8p Jen Pac, 
Hoan afte Unecaty of Conon Bites by Pigar 
oe 

+c ea “rr inte 








Saree oe See ee 
hoon 
CGiine and Comm tn Seene Sot, 87 8 Malvern 
haga of naticopasey fs tee Waverly of Londo! 
Gatien 

Sememsarapemeneerine ores at 


‘Sota oe tt Se Coe of thn anreeang My Je 
eres ewll ne Os bemenng cbr ements 


10 Ivrenxamovat, Lusuar or Prrcuovocr 





Prycholody and Esky, By 7.1 2. Rew, M.D LARD. 
PRS. Preace by G. Eisat Sth, FRS 155 net 
Tue soc ane may ean Co ars bt ar fut 18 





seserepenoeeter nem 
Pog Pe a 
‘Theoretical Biology. By J. v0" Vashi r8e oat 

Sarr omn ee Sree he 





tee get pe clea Ht Sra er tt 
Mae eS nt ee 
eee mang seas 


gobs Bran. By Kean Pm, Frafmane a tu 
Ge France ar 6d net 








Repremion ia Savage Society. ty 8 Matwonst 


“ulna Reliopaey te swetuty of London, 
‘ie ea 
Seer set ge ine Seat meer 


Social Life in the Animal World. By F Atvendas, Protasor- 
‘cxtraocd of Zokey o tse Unerecety of Halle 100 6d set 
“weaning aaah, gba ace a ol ne 
Wier ey of pes iam “Mo Save res reat rl em 
Aled anyone he mags af ama bent Sefsany ew 


Tyg Popslny Cena By 4 A ac oD. 
a 
Se ee 
ss Eee 


‘Tye Social Basis of Conscioumess. By Trgsat Barrow, 
‘MD. PAD. 12s 6d at 
| Amo apart ook | He nt menipcoystneg ug she whem 


gee eee rept Be eae cee Sy pm ne 








Inreanwmona: Lumaay oy Prresovect 1 





The Rca of Mani. tnd by Maz Som 158. et 
Sores 
Sheet OR aise ae anaes a meee od 
Sees oem so 


‘Tue Acalynis of Matter, By Berieasd Rusnl, FRS 236 
et 


1S rae ay erie te 
Eee eee as Seana 
irumbcres eae cee 
rome 
Starnes mes aa 


Pfeil Plaraiam  « Study se Made: Pola! Try. By 
‘ton 6) net 
1 dete lf the tar, conn Gate. 
Ea Wl a Scns nt 
Beep coreprmeness 


Poreamen. puoi Taw. td 
pre etree eh 
*_Ymitire Pad” "ses vr} mer Bok it 


The Nowe Rengaliy. By RG Gndes, WD, Se, 
PaCr he Tee 6d ” 


Subtcten rae sees pee sie 
sient grated gS cay acetates 
‘oder a tas mrs Tima Laing Suphtonmt "A test 
Be eeeess ete fc ears 


Repke te Payetopsthagy. By 7: W Mstcheld, MD. 
natant matey Penta, 
Ngai weber nae Sees et ae 
span comer? 
Reliigun Converin, By Seat de Sat, Potaar of 
‘Prychology un the Umveruty of Keune 12s 6d net 
Ee SSS 
Seo 
Sedemect a, Regma i, the CRIA Jun Paget 
"Sele fr Uetveety of Saves tr Seok 


“swe nec fic eames a i etcat 
































SS ae emma nm tetmi 

forks 
a Se 

SiS mest 





‘Ths Sovial Soper: thaw Org and Exalnon By Wala 
of Esteralegy at hiarvard Uriverty. 

ht pte, 0 st 
“wahoo at) wh 9 o t eadd 
Sei i oS ares imeem aoe ‘fa vanaie back 
How Animate Fiat Theig Way About, By E. Rabaul, Pro- 
Brokgy an the Univernty of Pans 





bry ch dag "ps 64 oat 
rng Journal of PPro f.Uaiagut oc payee 
ee eat em guare te chtcaly cma ngertecty wh 
SES eS Se eo alec 


Plato's of Ethien 5 Stay of the Yoral Catenion and 
‘a Highest Good Sy Pwfenw BC. Lage wet 








Irsanaronat, Liamasy or Prvcuosecr 13 





Custos 30 Bre 6 I 
Sie San ARS race ype Tanta 
eC Sigh ane ae 

Foe dilertg keer how 

tase eee 

Peseta 


‘Am, Hinocical Tatredacvon to Madera Peychology. 
Gardner Murphy, PhD Tid anion, ons net said 
stat be py pad hey tr ene mam mo 

See e eee ee 

CORSE al SE a 


pen yriny cone praplnaan 
pce fmt a, int 
‘Seeleauinsinns —suledey Ronee 


1c Cal's Coponpion of the Wort By Jom Pa 
"eno emt ton et 

insane nea eatz a oe 
sions fomntnanaanrtespet ac 
Ainiee Secondo ae 
SNS megane seme oo 


Colour and Colour Thearies, By Chnsime LnddsFrenttsn 
‘Witt gienoured platag i386 net 


‘inn eect a na vere 























Sf Poilmophert. By Alaende Revtec, 


REEN garcarehterans pene 
Sediomilatol ace seman ive ince, Tomy. sti 
Soe 

Creative Imagimtion: Sted te Porcalogy of Liartore 
‘Sy fine Bomar, Distance of Papchlogy 2 be Uoreraty 
of Wyoamg ro 6S 


‘nants Ste taal cps ie PERS Re Sate gee 
Eee pete, apstene ae mpc ocr 








14 __Iwreananonat Loman ov Perenozooy 





‘The Act of Imerrogaton, Br ER omen, Ma BS 

‘ecturer in Educate, Unweraty College of North ‘Wales 
Inttodsetion by Profan C Spearman, PRS. ju bd Det 
i pctal ara af hon em a dw P 
iinet foe ncn Se haloes ite bet gr 
Ey Sal ade uns eamsnneg Since ero 








‘of Verbal Acowity By 
"Tory, Welling allege. 








iepent metal a cael He mew ten ie Tot of 
Spyro Serhan Be sot 
PEERS Bee eb tit pee Fr Emery 


Bele (H Wondger, B Sea Reader in 
Buy me eet of Laden ini 
“pave at wo sues ae re egy a 


[mea aS 


" Ly Horo, 
Piha Sf ATES Soca roa 


ee LR Fess aes a ee 
[Rescne fhe use mye haan apn st ep alah 
opm 





The Seatitical Methed in, Beonomics sod Posorat Seance 
5 SP Srgand Poros A PRD Prenor of Commesce 
12 tie Unity of Briain "251 et 

eehcasenipeneats rie aor a 

‘FEulabie frit vary such or fae mere took ceca 

Human Speech. By Sw Riched Pope, Bi, Flat P. With 
sgeaoe dine” 26 oo 

eben ee. 

HS minihe Goes eed Soy 


Iigaswne aes 





Twrmmationst Lumaay or Percuowocr 15 





The Epunduians of Geometry t0d laduation, By Jaen 





Mot latrodecton by Broad Massa, PRS roe net 
aOR Se ie ee St 


SESE ot iee elspa Sen ew 
rosden plloosty = fownal SY Pastis Sake 
Plaanre ad Tote Sty be Eecoly of suman 
Action By A if B Alles ‘pimed 
a asi mags oe, Sted 
Eee ee oereries 
rect Wate own 


Hina of Caius Pool Thought, dng the cot Tan 
Prrsh “By Loa GavCase With porcats, tor 6d net 


“Feral ha mala tnow'niqn now nse pte! oer ta bath 
‘ftir owe spuncns, Xa Toman at batt ¢ Cocleannet 














Pipe Types of Ethioal Thegry.. By CD Brad, Lad, 


‘Tecucker at Totty Cote, ov oct 
“enka lady Dy Bra boned be eke 0 lover dat 
denen “Thane ufone "enly toch pa mor 





Se apa gatu pace sadech tarsus patencyocaasts, 
adishy SE gh sad scene ee Seccnnant ho 
vant prin aad 


era bie Enns Re, Pe 
"adeer tk 8 Se 





oa) Caunsity. By Jeon 
“Ot Geneve is 68 nat 


16 __Inrenearsonar Liezany oF Prrcno.ocr 





Edetie Lagery, and te Typolegna) Metied By ER 

ted BG te Unto a eng 7 64 me 
Ba cea Sis praca SSE 
Sahpchnal nt tie seen sapere 


The Laweof Feng. By F Panian Tranatsd by €.X 
Yate eae kd 











= 
ata 
Ty le WH He 
ETE ete, i 


esto ear cue ec eo Dey Wen at 

aes Sac nh 
eects meres 
oa habbo oma 


‘Tae Coaoenre Method, 2 thy Dugan of Ur ho, 
mearotie By Levene, Awocate Profesor of 
the Fara Medea! Faeskey ested Abou tox 6a mt, 


‘oct om pce etre ue he f ory 
Eoprerem ol peat te alate enim 
Ea pein 






Inremranonar Listy oF Prrexorecy 17 





NEARLY READY 


i 2 Study of Unit Response By 
"yen Ge Went ay Keng sd Eneiet Meso. 
nt ars nat 





The Feigao Muted i hg Bay 
i Toonami ea 
Beaty Senne VELL B'S at 
voce ome ea RD Beara 
tat'D of Mental y wad Logie athe 
Ui ie Mea ig 
bepaleh Soe 

efipsarmnsometeres om mlcreaent eevee 


Ont, of the History of Greek Philos By 
ine hudeth wits Soi) bel by Pe 
fr ‘Nast"Ahoatrs 62 et 

sepuirariracnn teeta ae 
TRtowrby” (neta lady eed Ath Hebe oknogo 
eer eigen See eens, Pens oe a 


The Primitive Mind and Modera Civilization, Hy 
Chases Alinch "intrriaction by Mt Madar, Protest 
of scopy th Unveaty et Landen Abt 2 





‘Pre Philosophy of the Uneoascions iy E son Hainan, 
Comptes one vote" Aooat 355 oct 
‘Anew oot of Be and work ch x betrcitedocta, 


18 _Leresnemowat Lisnany or Prreuozoor 





VOLUMES IS PREPARATION 


(ee meted th Chnaed Fatar) 


al Relasrnty Saeed Wesermarh 
The Mind ae be Organ ee ae 
‘Tae Spunt of Language to Coenen K Youur 
Bayebologral Opuea Profeuce D MeL Pony 
[Latrangtnd the Loving Syateen Prof Guage Hmpny 
‘Thnonee of Covet Breve Pacrmers 
Eeopanal Brprence on Bae Re Reiman 
‘Aavmal Benavar Frei Maare For 


‘Tha Prycholagy of Tovey 
‘Tha Tiewy ot Legsiton 
On Pesos : 













Colttarmony 
‘Tha Theory of Reon 
Gestate 


6 as Sth PRS 
‘Baoerd 7 Dewt 

B Malinowsbs,D Se 
‘i Skok 


